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A new salt of para-aminosalicylic acid, Pasara Calcium 
granulate offers the advantage of greater tolerability in 
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tions to the sodium salt. It permits full dosage (12 to 15 
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mg. per 100 cc.—in 2 to 3 hours. Levels of 15 to 20 mg. 
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Dihydrostreptomycin Sulfate 


A drug of Choice 


Numerous studies by leading clinicians confirm that 

Crystalline Dihydrostreptomycin Sulfate is as effective ‘ ° 
as Streptomycin, minimizes pain and swelling at the wn Tuberculosis 
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allergic to streptomycin, 
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body-section radiography, 
the GE ORDOGRAPH 


Exclusive hydraulic drive 
automatically coordinates 
exposure with smooth motion 
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the problem ot erratic motion 
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tilms of superior definition. And, because 
exposure 1s imuitited and terminated auto- 
matically by the drive, exact coordination 1s 
tinally achieved 


As tor ease and flexibility of operation, 
GEs ORDOGRAPH offers heretotore un- 


obtainable refinements 


Rapid Conversion — Change from conven 
tional to body-sectron technics in less than 60 


seconds ' 


Fulcrum Adjustment — May be set tor any 
plane trom 1 to 25 cm above the table top 
This greatly extended range minimizes the 
necessity of turning the patient to obtain all 
planes 


Speed and Amplitude Controls — Permit 
variable exposure times of an) ilue trom 
1.2 to 7 sec — any thickness of plane trom 


l2to48 on 


Precision Linkage — Hand machined acti 
vating bar eliminates side- and end-play dur 
ing travel—makes possible exact di plication 


of results 


These and other factors have led to better 
results and new appl ations in body-sectron 
radiography. They place the ORDOGRAPH 
in a class by itselt. See your GE representa 

tor complete information, or write tor 
Pub 13B-3289, X-Ray Department, General 
Electru € ompany, Milwaukee 14, Wisconsin, 


Ro 
GENERAL “2 ELECTRIC 


a 
| | 


t THE AMERICAN REVIEW 


OF TUBERCULOSIS 


THE CUTLER-ROBINSON 


PAEUMOTHORAN APPARATTS 


by 


The standard Pneumothorax Apparatus, as modified by Dr. J. W. Cutler 
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made and sold only by Pilling 
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COMPACT + PORTABLE 


Simplitied one-valve control tor regulating inflation, com- 


plete closure, and chest-pressure readings. 


. Satety-traps on both arms of manometer prevent "spurt- 


ing” trom high positive or negative pressure. 


. Clearly visible graduations for direct reading of both bottles, 


plus sliding indicator for determination of air displaced, 


. Sturdy clamp-on bottle-caps, “Pilling Quick-Detachable 
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you could treat Diplococcus pneumoniae 
...or streptococcal pharyngitis, sinusitis, and 


otitis media with many therapeutic agents... 


but you can treat them best with... 


Sulfonamides 
Streptomycin 

or Dihydro- 
streptomycin 
Aureomycin 

or 

Terramycin 
Chloramphenicol! 


Penicillin 


Diplococcus pneumoniae 
Pharyngitis (streptococcal) 
Sinusitis (streptococcal) 
Otits media (streptococcal) 
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A — Drug of choice B — Effective 


Penicillin the antibiotic of choice for treat- 


ment of the more common bacterial infectious diseases 


Oral Penicillin t.i.d....is easy to take, does not inter- 
fere with meals or interrupt patient's sleep, saves time for 
physician and nursing staff. On Keefer’s* dosage schedule 
of 200,000 units, or its multiples, t.i.d., oral penicillin 
therapy is less than 1% the cost of the newer antibiotics. 
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antibacterial action plus... 


greater solubility 

Gantrisin is a sulfonamide so soluble that 
there is no danger of renal blocking 
and no need for alkalinization. 


higher blood level 


Gantrisin not only produces a higher 
blood level but also provides a 
wider antibacterial spectrum. 


7 
Gontrisin is far more economical than 
antibiotics and triple sulfonamides. 


less sensitization 


Gantrisin is a single drug—not a mixture 
of several sulfonamides—so that there is 
less likelihood of sensitization. 
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THE TUBERCULOSIS MOVEMENT! 
Its A plishments and Opportunities 
H. R. EDWARDS 


(Received for publication May 16, 1951) 


Dr. Morgan, Dr. Muhlberg, a founder, Dr. Paterson, honored guests, the 
members of the Boards of Directors of the National and Ohio Associations, my 
many good friends in this audience of the last quarter century, and also the 
younger generation who are filling our ranks, to you I say, you have chosen your 
affiliation well. Your opportunities are legion; your responsibilities exceedingly 
great. 

Fifty years ago was the beginning of the first decade of the twentieth century. 
These words invariably evoke nostalgic pictures in our minds, minds that are 
worried and perplexed and stunned by the problems of our jet-propelled present. 
We escape backward to the quiet clop-clop of horse-drawn vehicles, to the Morris 
chair before the base burner, to the cracker barrel at the cross-roads store, to 
pompadoured young ladies reclining in hammocks while stiff-collared young 
gentlemen, untouched by war or rumors of war, sing and play on their mandolins 
“Clementine,” ‘Come Josephine in My Flying Machine,” “Put on Your Old 
Grey Bonnet.” 

But this is only one side of the picture; we must be realistic. That early decade 
was also one of tremendous vigor, movement, and change. Vast fortunes were 
being built up; immigrants were flooding into our land of opportunity; Edison, 
Bell, the Wright Brothers, and Henry Ford were pouring forth their magnificent 
imagination and the energy of their original research. 

Theodore Roosevelt, as President, was again charging up San Juan hills, this 
time against adulterated foods, against the cleavage between the “haves” and 
the “have-nots,” against trusts, against dissipation of natural resources, against 
American isolationism. His vigor, daring, courage, and energy flowed through 
every channel of American life. It was an age of industrial organization and ex- 
pansion; and it was an age of reform. Social conscience was stirring. Upton Sin- 
clair, among others a tireless propagandist for social and political reform, was 
writing novels attacking abuses of the day. Jane Addams established her Hull 


‘ Address presented at the 50th Anniversary of the Ohio Tuberculosis and Health As- 
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House in the tenement district of Chicago, and a small group of lay people and 
physicians got together here in Ohio to see what could be done to combat that 
disease which, more than any other, was mowing down young lives at their most 
productive period, the Great White Plague of decades before, consumption of 
that day. 

Some historians date our tuberculosis control from 1882 when Robert Koch 
discovered the tubercle bacillus, others from 1892 when Flick founded the Penn- 
sylvania Society for the Prevention of Tuberculosis. These are significant mile- 
stones in our progress, but it is well to bear in mind that no one date can set the 
establishment of a movement so vast and so complicated. Decades of study and 
observation by physicians, pathologists, and bacteriologists have all contributed 
to solve parts of the jigsaw puzzle called tuberculosis. Moreover, we are still 
laboriously searching for the few missing parts of that puzzle which are needed 
to complete the picture. As in all such puzzles, however, it is often possible to 
visualize the final results before each separate part is in its proper place. Frost (1) 
recognized this when, in his memorable address some years back, he stated we 
were over the hump in tuberculosis control. What we needed to do, he said, was 
to apply with diligence our current knowledge which could greatly accelerate the 
decline of infection, of disease, and of death. We must also continue to search for 
the missing parts, however, for until they are found we will not really be able to 
control this devastating disease that has been the source of so much needless 
suffering to mankind over the centuries. 

Much has been accomplished thus far and the tuberculosis associations have 
made a significant contribution to these gains, but the job is far from being 
finished and our opportunities for the future are as challenging today as they were 
at the turn of the century. We must rededicate ourselves to the attack with the 
vigor and boldness and originality which characterized that era of our beginnings. 
I mentioned the small group of lay people who took it upon themselves to investi- 
gate the problem of consumption fifty and more years ago. Even to those of you 
who know it as an old story, it is worth repeating, for it was a startlingly signifi- 
cant departure and it is as important today as it was then. Unfortunately, time 
will not permit a review of the various facts and discoveries present in this 
amalgamation of the medical and lay public in their search for a common goal, 
but it has been ably epitomized by Richard Shryock (2) 


Summing up, then, one can see how the historical stage was set so that the present 
National Association could play its striking role. No one factor was sufficient. All the 
elements mentioned—disease identification, the discovery of cause and consequent means 
of prevention, the slow growth of public fear and a social reform psychology—contributed 
their part to a social-scientific ensemble out of which grew a great health association. 


Today, I am very happy to be with you. When I accepted the invitation, I re- 
called that at about the midpoint in the life of this Ohio Tuberculosis and Health 
Association, I cut my eye-teeth, as it were, in this great field of scientific and 
human endeavor. In 1924 Dr. Harry Pattison and I, representing the National 
Tuberculosis Association, came to Ohio to make a survey of the tuberculosis 
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problems and needs in this great state. I have since reread the 400-odd pages of 
the document we prepared and I am more convinced than ever of the fundamental 
facts I learned at that time. One of these was the unique structure of the Associ- 
ation which follows so closely our American political philosophy. There is the 
National Association which corresponds to our Federal division in Washington, 
D. C. The state and local associations carry out the analogy with their inter- 
relationship and dependence; but always and above all the structure is and should 
be servant, not master, to the individual; for it is he, as in all democratic coun- 
tries, who is our chief and primary concern. We will return to this later. The 
national agency has a most important place in the over-all scheme of things, but 
in the final analysis it is the local towns and counties where most of the actual 
work is done. There has been and always will be a steady stream of ideas and 
information emanating from the so-called grass roots that have made it possible 
for the National Association to draw its life blood of ideas. It is my firm con- 
viction that, should anything disturb this balance, the stability and importance 
of the whole organization would suffer. There is always the danger that, as 
organizations develop and expand, they tend to become more concerned with 
their own organization, with their own problems, and often lose contact with 
the problems and needs of the constituent agencies and, through them, the 
people. In the final analysis, as I said before, it is the individual whom we must 
keep clearly in focus at all times. 

At the time of my first survey, Robert Paterson was the Executive Secretary 
of the Ohio Association, and it was from him I learned much that has been of 
inestimable value both in the official and in the voluntary agencies where I have 
served. I am sure in this connection I am speaking for countless others who have 
had the privilege of working with him in the field or on the innumerable com- 
mittees on which he has served so admirably through these many years. 

I would like to re-quote a statement (3) I used in the survey of 1924 which I 
feel is a profound and fitting tribute to Bob Paterson, a leader and a friend. It 
was taken from the closing paragraph of the Toledo Public Health Association 
Report of 1923. 


Combating tuberculosis in Toledo has resolved itself into a more or less complicated 
game. Technically the players of the offensive are certain organizations—official and 
volunteer. But really the players are individuals—the persons back of the organization. 
A health organization, like a business, is merely the shell of the personalities which 
dominate it. Personality will count more than machinery in determining the outcome of 
the game. 

Present strategy demands that the movement against the enemy be a concerted one. 
This means teamwork. Teamwork sometimes calls for sacrifice plays and concessions, 
but it wins. 


With my knowledge of the situation in Ohio at that time, I recognized the 
compliment to the genius and leadership of the State Executive Secretary, 
Robert Paterson, who had against many odds not only built up a thriving group 
of local associations to play on his team in the state, but had as well spearheaded 
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the drive to consolidate several thousand political subdivisions of the state into 
fewer and more effective health units. Like so many offensives of this character, 
the ultimate goal is not yet achieved. Fortunately, in this matter the new team 
leader, John Louis, will bring this objective to a successful conclusion, I am very 
sure. 

We may well read the Toledo statement carefully for it has many suggestions 
we can use today. 

The temptation is great to digress into the development and growth of the 
tuberculosis movement in Ohio as well as in the country as a whole. The Ohio 
story is a thrilling adventure and has been ably briefed for you in the brochure 
before you. I feel keenly the importance of delving into our past because so many 
of the old guard who devoted their lives to this cause had passed through the 
grim school of personal experience with the disease and knew intimately the pain 
and suffering it imposes upon victim and family alike. No greater incentive to 
help others could possibly exist. Today it is a different matter. We are recruiting 
workers from a more recent generation, one that has been spared these tragedies 
to a large degree and is therefore forced to depend more and more upon the so- 
called “educational skills” to get its message across. Unfortunately, not all of our 
new recruits have taken the time to read the stirring history of our beginnings and 
I feel that, without a clear appreciation of such facts, their efforts are sure to be 
less effective. I earnestly recommend to recent workers in this great field the 
wealth of historical material that is available. It will charge with zeal and excite- 
ment any tendency to jog along a rutted track. 

This subject, in my opinion, deserves much more elaboration than time will 
permit here. I would, however, like to draw an analogy between the medical 
student and the professional health worker entering the tuberculosis field. We 
would not expect the medical student on completion of his course to enter 
practice without first serving two or more years as an intern or resident in a 
hospital so that he will be better able to handle the problems that he will en- 
counter in practice. Is it asking too much to expect our professional health worker 
entering this field of tuberculosis to spend three months—one in a tuberculosis 
hospital, one in an outpatient department, and one in a welfare agency—when, 
under careful supervision, he would have a keener or more appreciative attitude 
toward this tragedy which is tuberculosis? The time spent and its cost is incidental 
if we keep clearly before us at all times the fact that our energies and efforts are 
directed toward the individual and his family. 

In selecting a theme for my paper today we settled on what seemed to me to be 
some of the basic accomplishments of the voluntary tuberculosis movement in 
this country in the past fifty vears, and what some of the opportunities would be 
in the future. 

I recognize that our accomplishments are legion. I recognize that the oppor- 
tunities are just as numerous. You may not have chosen the four which I have 
selected but it seems to me they offer some cause for satisfaction and certainly a 
challenge for the future. 

My remarks will be directed to some of the accomplishments of our combined 
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activities which are intended as a tribute to Ohio at the time of its Golden 
Jubilee and as well, to the National Association and its 3,000 affiliated associ- 
ations throughout the length and breadth of this land. 

Dr. Paterson has most ably outlined the stepping stones in the tuberculosis 
movement in the United States in his address before the 38th Annual Meeting 
in 1942 (4) and in ‘Antecedents of the NTA” in 1945 (5). I commend these re- 
ports to you for reading to place in logical sequence the major forces at work in 
the years prior to the organization of the first tuberculosis association in this 
country by Flick in Philadelphia in 1892 and the second here in Ohio in 1901. 

I choose to select one of these items as the first of the basic accomplishments I 
am taking up today. It must be remembered that tuberculosis in those days was 
by all odds the most important disease problem throughout the world as well as 
in this country. It was the primary problem of the medical profession and became 
the problem of the people also. 

In 1929 Winslow, in his admirable Life of Hermann Biggs (6), said: 


The mobilization of the lay forces of the community for the control of disease is today 
such an obvious fact, such an almost omnipresent fact in American life that it is a little 
difficult to realize how novel a conception it was twenty-five years ago. Medicine was an 
affair for medical men in those days, still hedged about with the ritual of an almost magi- 
cal art; and the discovery of the possibilities of widespread social organizations as a means 
of controlling disease was one which may almost be placed alongside the discovery of the 
germ theory itself as a factor in the evolution of the modern public health campaign. Up 
to 1900 the war against disease, like the wars between nations up to 1914, was a business 
for the professional. Today both types of warfare are carried on by the people as a whole. 


Shryock (2) comments as follows: 


The principle of a national health organization, and even of lay medical cooperation, 
had been realized on a small scale in the “Sanitary Convention” of the fifties. The scheme 
of a Federal establishment, with inter-related local, state and national societies, had been 
followed for some time by the American Medical Association. But the idea of focusing a 
national movement on a single major disease was a novel one and the specificity of this 
approach proved to have social as well as scientific advantages 


Again, in referring to the “National Sanitary Convention” he states: 


To this degree the fusion of social and scientific facilities toward a common goal was a 
prototype of the National Tuberculosis Association. But it did not even recognise tubercu- 
losis as having the status of a health problem. The disease was now identified and there 
was a slowly gaining fear in terms of particular cases, yet it was still entirely a private, 
individual alarm. 


It is this amalgamation of medical and lay forces, therefore, which I submit as 
the first fundamental contribution of our Association. It has developed, as I 
mentioned before, into a well-organized structure unique in the field of health 
activities, the only combined voluntary force today that has reached with its 
organized professional staffs into every state and county of our country. In more 
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recent years, numerous other health agencies have been organized on a national 
level, but none has ever achieved the widespread local organization that is 
essential to the furtherance of a sound health program. This basic characteristic 
of the Tuberculosis Association stemming from the “‘will-to-do” of a lay public, 
guided by scientists, doctors, professional talent, gives it one of its greatest 
strengths and likewise one of its greatest responsibilities. 

Working together during the past half century, within the well-constructed 
and expanding framework of the associations, lay and professional minds have 
evolved programs that have touched every phase of a tuberculous patient’s life. 
It was discovered early that efforts would have to be directed towards fields other 
than the disease itself and what was an exciting revelation at first has become 
merely accepted practice now—achievements in the field of better housing, im- 
provement in Public Health techniques, improved nutrition, health and social 
legislation, the control of other infectious diseases, more adequate economic 
security, rehabilitation. Together these measures have accomplished phenomenal 
results; indeed, in some areas of our country tuberculosis has become almost 
“pin point” in its seriousness, comparatively speaking. 

In such places, what then are we to do? How are we to use this excellent organi- 
zation, these professional staffs trained in health techniques? We must, of course, 
never relinquish vigilance over tuberculosis or become complacent about it. In 
most areas of the United States we must redouble our present efforts to carry 
out proved programs. But in those few spots I mentioned and, we hope, in many 
others in the future, it seems logical to utilize our resources and expand our scope 
of activity into other fields of health problems. Indeed, many tuberculosis associ- 
ations have gone as far as to include the word “Health” in their titles, thus indi- 
cating their expanded interest. And there have been a few attempts to incorporate 
other specific health activities into the program of someassociations. These efforts 
have not always been wholly successful but, if there is a keen desire thus to serve 
the public, notable results can be achieved. I recall for your consideration on this 
point a sentence of the quotation from Toledo: ‘‘Teamwork sometimes calls for 
sacrifice plays and concessions, but it will win.” 

We are all familiar with the plethora of organizations that exist today, each 
one concerned with a specific health problem. We are guilty of fractionating the 
human body into many separate parts, and there seems to be little if any co- 
ordination at the top or at the bottom. There is a real danger for all if this 
multiplication continues to roll up. Need I stress any further the growing number 
of articles in the press and the magazines of the day about multiplicity of fund 
drives. No matter how dignified, how important, how significant our Association 
has been in the past, we cannot survive this onslaught unless we have something 
worthy of the people. I shall come to more of that in a moment. I am certain 
that the so-called consolidated plan in which all agencies pool their efforts and 
resources into a single drive is not necessarily the answer. In fact, I have no 
specific formula to present at the present time, but I am certain a suitable plan 
can be worked out providing the leaders of the various interests are willing to 
make the effort. There is one thing certain, and that is that eventually the success 
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of any campaign must come to the local areas where the mass of the people can 
be motivated to action. The tuberculosis associations have this mechanism ready 
at hand and much expense would be saved if it were utilized wherever new needs 
are added to, and have taken the place of, old ones. This is, in my opinion, one of 
the greatest opportunities for future study by our Association. 

Let us now consider further activities in which the lay public participated with 
the professional staffs in this common cause of tuberculosis control. Fifty years 
ago volunteers dominated the campaign, and as time went on many of our Associ- 
ations depended upon such workers to do a wide variety of jobs at a great saving 
in cost. Not only were dollars not spent for personnel services, but, of greater 
importance, volunteers gained an intimate knowledge of our work and became 
vitally and personally concerned with the success of the program. They demanded 
more beds for the tuberculous; sought legislation for public funds; campaigned 
against the Lung Blocks; sold seals; enlisted the interest of citizens, clubs, 
churches; aroused the newspapers and spread the message of every new dis- 
covery in control and cure and prevention. They accomplished splendid results— 
these earnest volunteers. But of late years there has been a tendency to shift 
more to paid workers. This has come about for two chief reasons. First, the com- 
petition for volunteers has been stepped up considerably by the spate of charitable 
causes that have sprung up; and, second, the development of our programs has 
seemed to require an increasing number of professional techniques. Although we 
have gained in efficiency, we have lost some of the vital enthusiam on the part 
of the public to contribute its services which was so characteristic in our begin- 
nings. I fear that all too frequently the public today are depending too much 
upon you and me and those of us in the professional field to do the job that it 
could do in many instances. It is not the easiest way out that we are looking for 
in this matter, but rather a method of intriguing the interest and participation 
of a greater number of laymen in this fight against tuberculosis. I urge you to 
consider the resumption of volunteer help wherever possible, which seems to me 
to be a very real opportunity for the public and for our future as an Association. 

Now we come to a second field in which our accomplishments have been sub- 
stantial and in which there is still a challenge for the future. I refer to the declin- 
ing death rate. There was a time when the disease, tuberculosis, had visited 
almost every home, and it had certainly been a problem in the majority of 
families in one generation or the other. In those days it was important to stress 
every evidence of progress that was being made for reassurance and encourage- 
ment. The declining death rate was the only tangible measuring device we had. 
We have continued to stress this index until we have reached a point where to 
continue will only delay the achievement of our ultimate goal, for it is hard to 
expect people to believe the extent of the problem remaining among the living 
when death rates are reported to be falling year after year. We need the en- 
couragement of accomplishment if we are to succeed, but we do an injustice to 
our cause if we dwell exclusively on our gains rather than on the cases that fill 
our hospitals to overflowing and far overtax the limited public health nursing 
facilities in community after community throughout the country. 
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In the New York Times of Sunday, May 13, I found the following clipping 
which clearly illustrates my point. The headline read “Tuberculosis Death Rate 
Falling Steadily in Nation.” 


The nation’s death rate from tuberculosis is declining steadily. Dr. W. Palmer Dearing, 
Acting Surgeon General! of the United States Public Health Service, reported today. 

Basing his statement on a 10 per cent sample of death certificates from all states and 
the District of Columbia, he said the death rate since 1900 had dropped about 90 per 
cent to 26.2 per 100,000 population in 1949. 


I will not read the rest of the article except to point out that it referred to a 
decline of 90 per cent in death rates since the turn of the century. 

How in the world can we expect our congressional leaders in Washington to 
maintain present support or to increase appropriations that are so sorely needed 
to expand research, case finding, and hospital care for the tuberculous? Our 
legislators have the same idea as do most people about percentages, that is, 90 
is almost 100. If 90 per cent of the job is done, then why need we worry about the 
remaining 10 per cent? Why should we need more beds? The fact is that reports 
in 1950 indicated that more tuberculous patients, 72,370, were hospitalized than 
in any of the previous sixteen years. 

Why do we need more case finding if we are so near the end? We have all been 
negligent of our duty in not informing the public of the true facts about our 
inability to care for the living cases. How much better it would have been if this 
release had carried facts of this order: 


The U.S. Public Health Service reports today that there are 250,000 active cases of 
the disease in this country, and there are probably 250,000 more not yet detected. We 
are able to hospitalize but a small fraction of the known cases that need such care, and 
we are unable to provide adequate case-finding services so that cases may be detected 
early before serious damage has been done to the individual and needless infection spread 
to innocent victims. We haven’t nearly enough nurses; we haven’t enough rehabilitation 
services; we haven’t enough medical social case-workers, et cetera, et cetera. 


Just think of the story that could have been built up. It would have told our 
Congress and our public what our problem really is. 

Thus, our responsibility in the future should be to interpret realistically to the 
public the nature and seriousness of the remaining problem. In a substantial 
number of areas in this country, tuberculosis is still far in excess of all other com- 
municable diseases, and the years of working time lost to its victims between the 
ages of eighteen and sixty-five years exceed most other major causes of death 
with the exception of accidents (7, 8). 

For years we have talked about the eradication of tuberculosis as if within a 
reasonable period that phenomenal condition might become an actuality. It 
might be well for us to drop this word and think more in terms of possible control. 
Even though a specific cure or a specific vaccine might be found, it would require 
generations to discover the last infected person. 

A graphic illustration of the baffling permanence and therefore continuing 
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problem of tuberculous infection, despite the falling death rate, is that of bovine 
tuberculosis. 

We look with much pride on the fact that today less than one-half of 1 per 
cent of dairy herds in this country are infected. The control program was started 
in 1916. Its basic features were tuberculin testing, slaughtering of infected ani- 
mals and, finally, prohibiting the addition of new animals to the herd unless they 
were tuberculin negative. Thus, for many years this ideal, controlled program 
has resulted in eliminating the majority of infected cattle before clinical disease 
has developed and has thereby sharply reduced the chance for spread of infection. 
Nevertheless, despite these heroic efforts, the significant fact remains that there 
still exist small reservoirs of infection in our herds. The veterinarian is ever 
vigilant in his program, for the slightest neglect has again and again proved that, 
where the tubercle bacillus exists, it can flare into a consuming flame. 

Naturally we cannot apply such drastic measures to human beings with tuber- 
culosis, so it would seem far fetched to expect the therapy of today and our 
vaunted procedures as we now know them to accomplish any complete eradication 
of the disease within the foreseeable future. 

Generally speaking, man has been able to live with his tuberculosis to a re- 
markable degree. Perhaps over 70 per cent of the adult population are positive 
reactors to tuberculin, indicating infection at some time; and yet a comparatively 
few of those infected fall ill of the disease. It is our job, and a challenging oppor- 
tunity, to find ways and means of reducing even these few to an irreducible 
minimum. 

It may be that in the realm of social sciences we shall find ouranswer. We must 
investigate all those human and environmental factors that play so important a 
part in the development of disease, the relationship of emotional stress, the role 
of nutrition in individual resistance. Thus, every avenue must be explored to its 
end, and complacency with the declining death rate must give way to more 
determined research concerning the disease. 

The third basic accomplishment on which I wish to comment is the field of re- 
search. The Association has been a leader in this for many years. At the outset 
it was obvious that we could not set up and support an institute large and varied 
enough in the medical and biological sciences to encompass the investiga- 
tions that were then evidently needed. A plan was adopted that gave the 
Research Committee, the coordinating body for all of the associations’ research, 
the opportunity of utilizing without costly duplication the outstanding uni- 
versity and commercial laboratories and their eminent corps of scientists to in- 
vestigate a wide variety of problems. This plan is used today for much of the 
important research in all phases of the medical sciences. 

Perhaps the most striking example of what combined teamwork can accomplish 
has been in the field of nuclear physics that gave us atomic energy. I have often 
wondered whether, if a tenth of the effort devoted to this great enterprise were 
directed to the field of tuberculosis, we might not today be close to our goal of 
practical control. Nevertheless, our meager efforts have yielded tremendous 
results far beyond what could have been hoped for in a single institute. The 
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results have been astounding and have brought us ever nearer to our ultimate 
goal. The recent studies on streptomycin and other antibiotics and chemothera- 
peutic agents under the guidance of the American Trudeau Society, The United 
States Public Health Service, and the Veterans Administration have speeded up 
by months and years an evaluation of these agents by utilizing a single central 
control and clearing-house, as compared to individual investigation. I suggest a 
careful reading of Twenty Years of Medical Research, a report of the Medical 
Research Committee of the National Tuberculosis Association (7), as an indica- 
tion of the tremendous accomplishments in the field of research by the NTA and 
many of the local associations. Since its publication the tempo of activity has 
steadily increased, yet we are still denied those few elusive facts that will com- 
plete the picture puzzle to which I referred previously. 

But this very bafflement spurs us to intensified efforts and provides stimulating 
opportunities for the future. We should step up, if possible, every branch of 
medical and biologic research to find that long-dreamed-of therapeutic agent and 
possibly that reliable vaccine that would prove to be a specific. With such agents 
the millenium of tuberculosis control surely would be at hand. We seem far from 
this desired point at the moment so we must continue to apply with all possible 
vigor the knowledge we do possess today. 

Looking ahead to the future, a new field of exploration is open to us. It is medi- 
cal ecology, or that science in which disease and health are considered as states 
resulting from the interrelation between man and his environment. We long have 
known the cause of tuberculous infection, the tubercle bacillus; yet we have not 
yet solved the riddle of the disease. May there not be other causes that play as 
important a part? I feel quite sure there are. 

We know a great deal but not all about the primary agent of the disease, the 
tubercle bacillus, and we know some but not all of the inherent and acquired 
factors of the host. The third important field of the triad is to be found in the 
environmental factors, physical, biologic, and social. This latter thesis was ably 
developed recently by René J. Dubos in his Hermann M. Biggs’ lecture at the 
New York Academy of Medicine on the Biological and Social Aspects of Tubercu- 
losis. He commented on the fact that the major emphasis of the tuberculosis 
campaign had been directed to the prevention of the spread of bacilli; yet it was 
a startling fact that from 50 to 90 per cent of adults become and remain tuberculin 
positive even in those communities which enjoy a highly developed public health 
program. Mortality rates have been decreasing much faster than infection rates. 
He emphasized the importance of inquiring into the mechanisms by which 
physiologic state controls resistance to infection. The field of nutrition offered a 
fertile field to determine those components of diet that might be involved in the 
course of the disease. In his opinion, the evidence pointed to the fact that it is 
only through gross errors in social organization and mismanagement of indi- 
vidual life that tuberculosis could reach the catastrophic levels that prevailed in 
Europe and North America in the nineteenth century and that still prevail in 
Asia and much of South America today. 

Dr. John Gordon (10), in his discussion of the newer epidemiology, states: ‘The 
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broadening interests of medical practice within recent years require addition of 
the social sciences, economics, sociology and psychology, and with little debate, 
biological sciences such as anthropology and genetics.’”” He emphasizes “the 
horizontal approach in epidemiology, as contrasted to the vertical direction of 
effort within the pattern of a single selected disease.” And again, “Many diseases 
are so well studied that clinical investigation reaches a point of diminishing 
returns. Laboratory study is frequently limited by the conditions of experiment 
and promising investigations meet technical difficulties. An alternative approach 
is provided in the epidemiologic method.” 

For many years our efforts have followed the vertical approach and with 
astounding results. Is it not time that we adopt the holistic principle and give 
more consideration to the horizontal viewpoint? One vast field in which our 
knowledge is fragmentary at present is that of psychiatry. What is the threshold 
of tension and emotional strain that unquestionably plays so vital a part in man’s 
behavior and his response to the disease state? For many years man’s inventions 
have tended to shrink the world and bring him physically closer to his fellow man. 
Despite improved sanitation, better housing and other factors attributed to 
progress, man has found it increasingly difficult to adjust to these new conditions. 

I do not propose here any slackening in the application of our present knowl- 
edge of tuberculosis control, but rather offer a vast field for our future endeavors 
to understand better this complex of tuberculosis which, in the final analysis, 
will lead to an optimum state of health in which tuberculosis along with a host 
of other disease states will be brought within a reasonable balance. As Gordon 
stated, ‘Health and disease are not absolute and opposite conditions, but rela- 
tive states, and they tend to shade one into the other.” 

The last basic accomplishment I shall mention concerns the relationship which 
the voluntary association has established toward the official health agency. 

In the beginning it was the voluntary association that possessed the leader- 
ship and that acted as the spur to the governmental authorities to provide sana- 
torium beds, clinics, public health nurses, laboratory services, and a host of other 
facilities so essential in the control program. The associations still are in a posi- 
tion to provide leadership for, by their very nature, the voluntary agency is al- 
ways more flexible and resilient than the official. It can institute or withdraw 
from a project as it sees fit without hindrance of cumbersome machinery. 

In more recent years, as a result of the urging and demonstration of the vol- 
untary agency, our official health departments have grown and developed in their 
responsibility. They now have well-qualified administrators in the field of public 
health especially trained in tuberculosis control. In fact, in some instances it is the 
official government which is the leader, and not the voluntary agency. This has 
come about to a large degree because the voluntary agency has so often developed 
a good program that either has taken the place of what the official body should 
be doing or supplements its activities. All too frequently they have thus settled 
in a more or less routine service and failed to visualize other opportunities that 
exist to demonstrate new approaches. 

The first tuberculosis division of a state department of health was created in 
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Ohio in 1913. This was the direct outgrowth of activities spearheaded by the 
Ohio Society for the Prevention of Tuberculosis. In 1911 Dr. Probst, Secretary 
of the Ohio State Board of Health, had advocated that the state should set up 
a tuberculosis commission to deal with the problem. The Executive Committee 
of the Ohio Society held the belief that to separate tuberculosis from the activi- 
ties of the Ohio State Board of Health was a step in the wrong direction. The 
Executive Secretary, Dr. Paterson, and Dr. Probst (9) took steps and then it was 
only a matter of time and the cooperative efforts of influential citizens, those 
earnest volunteers of whom I spoke, that made this an accomplished fact early 
in 1913. 

This achievement is typical of the leadership that has characterized the vol- 
untary associations so many times over the years. In this connection, it is of in- 
terest to note that the United States Public Health Service did not establish a 
Division of Tuberculosis Control until 1944. This did not just happen but was 
the result of continued agitation for a number of years which reached a nation- 
wide concerted drive by the tuberculosis associations for over a year prior to the 
passage of the Bullwinkle-Thomas Bill on July 1, 1944. It is also significant that 
within recent months the Tuberculosis Division has been consolidated with that 
of Chronic Diseases. 

May this not be a token of things to come? May it not be cause for us to stop 
and consider what the relationship of our Associations may be to other health 
activities? 

The increased responsibility and leadership assumed by government over the 
years in tuberculosis control has been all to the good. It is reasonable to believe 
that government will still further increase its contribution but, as far as we can 
see at the moment, there is no evidence that government will be able to assume 
the full responsibility and thereby replace the need and importance of a volun- 
tary agency. If the latter continues in a set pattern and exhibits no initiative, 
then it will be superseded or replaced. On the other hand, if the voluntary agency 
is alert to its opportunities and exhibits bold leadership, there will be more to do 
than it can find hands and dollars to implement. 

In summary: The past fifty years have been momentous in the fight against 
tuberculosis. At the outset it was found that the control of the disease was the 
problem both of the physician and the layman. This single achievement, the out- 
growth of years of individual and conventional effort, was molded into a great 
force that has led all other voluntary health agencies. The achievements have 
been substantial. Our horizon has been raised to new and challenging vistas be- 
yond. Despite our gains, we still are dealing with a serious killing disease that 
has sacrificed countless lives that should have been preserved for productive 
effort. So far as we can see at this time, tuberculosis will be with us for many 
decades to come. But we are drawing nearer to a complete understanding of its 
cause and control, which is beyond the tubercle bacillus alone. When we learn 
how to maintain our factors of resistance at a level that will keep the infection 
dormant, we may achieve as practical a result as complete eradication of the 
tubercle bacillus and the clinical manifestations of the germ in our bodies. 
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There is urgent need for increased investigation into all phases of the problem, 
bacteriologic, pathologic, clinical, immunologic, and—last but by no means least 
—investigation into the great complex social factors that play so important a 
part in the spread of the disease and so often provide a fertile culture for its 
growth and continued dissemination. May we charge up these San Juan hills 
of challenge and opportunity with the same determination, vigor, and enthusi- 
asm that characterized our beginning fifty years ago. 


SUMARIO 
El Movimiento Antituberculoso—Sus Realizactones y Oportunidades 


El Gltimo medio siglo ha resultado memorable en la lucha antituberculosa. Desde el 
mismo principio se descubrié que el dominio de la enfermedad era un problema que tenfan 
que resolver el médico unido al profano. Esa mera realizacién—fruto de afios de esfuerzo 
individual y colectivo—fué transformada en una gran fuerza que ha servido de guia a todos 
los dem4s organismos civicos dedicados a la higiene. Las conquistas han sido importantes. 
Nuestros horizontes ya comprenden nuevas vistas que desaffan nuestra inteligencia. A 
pesar de los adelantos, todavia luchamos con una dolencia grave y mortifera que ha sacri- 
ficado un sinndmero de vidas que debieron haber sido conservadas para trabajo productivo. 
En loque podemos contemplar actualmente, la tuberculosis seguiré con nosotros por muchos 
decenios del futuro, pero nos vamos acercando a una comprensién absoluta de su etiologia 
y de su dominio, que transciende el bacilo tuberculoso y las manifestaciones clinicas del 
germen en nuestros organismos. 

Se necesita con urgencia mds investigacién de todas las fases del problema, bacterio- 
logica, anatomopatoldgica, clinica, inmunoldgica, y por fin en orden pero no en importancia, 
investigacién de los grandes y complejos factores sociales que desempefian papel tan signi- 
ficativo en la difusién del mal y que tan a menudo ofrecen campo fértil para su desarrollo 
y continua diseminacién. i Ojal4 escalemos esos Montes San Juan que nos retan y brindan 
nuevos triunfos con la misma determinacién, vigor y entusiasmo que caracterizaron nuestros 
comienzos hace medio siglo. 


RESUME 
Le mouvement de défense contre la tuberculose—Ses réalisations et son champ d'action 


Les derniers cinquante ans ont marqué dans la lutte contre la tuberculose. Dés le début, 
le contréle de la tuberculose a été envisagé comme un probléme commun pour le médecin 
et pour le public. Ce fait exceptionnel—la conséquence d’années d’efforts individuels et 
collectifs—a eréé une force considérable qui a entrafné toutes les autres organisations 
sanitaires bénévoles. Les résultats ont été substantiels. Notre horizon s’est étendu vers 
de nouvelles et encourageantes perspectives. Malgré nos gains, nous avons encore en face 
de nous une maladie grave et meurtriére, qui 4 pris d’innombrables vies qui eussent dQ 
étre préservées pour un travail productif. Dans la mesure od nous pouvons en juger actuel- 
lement, nous serons encore confrontés par la tuberculose pendant les années a venir. 
Cependant, nous approchons de la solution du probléme, en ce qui concerne les causes de 
la tuberculose et la possibilité de la juguler; ce contréle de la tuberculose dépasse le bacille 
tuberculeux et ses manifestations cliniques. 

Il y aun besoin urgent d’augmenter les recherches dans toutes les phases de ce probléme, 
bactériologique, anatomo-pathologique, clinique, immunologique et enfin, et cette re- 
cherche n’est pas }a moins importante, il faut procéder & des enquétes sur les facteurs 
Sociaux complexes qui jouent un réle si important dans la dissémination de la maladie et 
en favorisent l’éclosion et le développement. Puissions nous accepter le combat contre 
cet ennemi, comme dans les guerres, avec la méme détermination, vigueur et enthousiasme 
qui ont caractérisé le début de la lutte engagée il y a cinquante ans. 
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ALLERGIC REACTIONS TO PARA-AMINOSALICYLIC ACID':? 
Report of Seven Cases, Including One Case of Léffier’s Syndrome 
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INTRODUCTION AND REVIEW OF LITERATURE 


The present cumulative experience with para-aminosalicylic acid (PAS) in 
the treatment of tuberculosis has abundantly confirmed the early claims of 
Lehmann (1) and others that PAS is a drug with few, if any, serious toxic effects. 
The well-known symptoms of nausea, abdominal distress, vomiting, and diarrhea 
are a common experience. The common toxic effects of PAS appear, however, 
to be confined to the gastrointestinal tract where they result, presumably, from 
local irritation. 

While the common toxic effects of PAS are thus limited, other troublesome 
side reactions have been observed in a small but significant proportion of treated 
patients. Of these less common reactions, acute drug fever and skin rashes of 
various types have been reported most frequently (2-12). 


Other reactions attributed to PAS by various observers in this country are: 

1) headache (4) 

2) a syndrome characterized by burning of the eyes, lacrimation, and conjunctival in- 
jection (4) 

3) transient lymphadenopathy (6, 8) 

4) angioneurotic edema, including edema of the larynx (9) 

5) symptoms suggesting anaphylactic shock (6) 

6) spasmodic cough and wheezing (6) 

7) jaundice (7, 8, 10) 

8) granulopenia (11, 12) 

9) a reaction resembling infectious mononucleosis (7) 


In some instances only one manifestation was observed; in other instances symptoms 
were multiple and occurred in various combinations which usually (though not always) 
included acute drug fever. 

Also occasionally observed in patients receiving PAS has been a prolongation of the 
prothrombin time or a prolongation of the clotting time associated in some instances 
with incidents of bleeding (5, 13). Tucker and Linner (13) point out, however, that this 
abnormality of the blood-clotting mechanism may be affected by various other factors, 
including alcoholism and poor nutrition. Certainly, reduced blood prothrombin has also 
been observed in tuberculous patients not treated with PAS (14). Hence, one is left at 
this time with considerable room for doubt as to whether or not PAS is the agent re- 
sponsible for abnormal blood clotting in those treated patients in whom this phenomenon 
has been observed. It is worthy of note in this connection that Lyght and his associates 
(4), following a survey of several hospitals early in 1950, found no instance of blood dys- 


1 From the Laurel Heights State Tuberculosis Sanatorium, Shelton, Connecticut. 
? Presented in part at the annual meeting of the Eastern Section, American Trudeau 
Society, Hartford, Connecticut, November 3, 1951. 
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crasia and no evidence that blood clotting was significantly delayed in patients receiv- 
ing PAS. 

On the basis of routine determinations preliminary to surgery in patients under pro- 
longed treatment with streptomycin and PAS, it is the experience of the present writers 
that significant prolongation of the clotting time is very exceptional and is decidedly not 
the rule. As might be expected, hemoptyses have occurred in patients under treatment, 
but there is no evidence that PAS has increased the incidence. Except for transient rectal 
bleeding associated with severe diarrhea in one patient (Case 5, below), no other evidences 
of abnormal bleeding have been recorded. 

The multiplicity of possible reactions to PAS is apparent in reports from abroad as 
well as from this country. For example, the reactions attributed to PAS by various French 
physicians (5) include most of those listed above. In addition, Brun, Mouriquand, and 
Pommateau are reported (5) to have seen one case of polyneuritis. Data adequate to es- 
tablish PAS as the cause of this disorder were not included in the brief news report in 
which the observation was mentioned. Bridge (15) in this country has recently reported 
one patient with a symptom complex of chills, fever, headache, stiff neck, and a transient 
elevation of the cerebrospinal fluid cell count which was quite definitely related to ad- 
ministration of PAS. Bridge believes that this represented a hypersensitivity reaction to 
the drug. 


Black (16) has described some of the differences which exist between drug 
allergy and drug toxicity. The manifestations of drug allergy are usually quite 
different from the ordinary physiologic and toxic effects of a drug. Furthermore, 
the toxie actions of most drugs are relatively constant, at least qualitatively, 
for most persons, and are fairly specific for a given drug. Allergy to a given drug, 
on the other hand, is manifested only by relatively few hypersensitive persons. 
Moreover, the allergic reaction is likely to present a wide variety of forms, none 
of which is characteristic for any single drug or group of drugs. Another significant 
feature of the allergic reaction is that it is frequently produced by a quantity of 
drug far too small to produce any detectable effect whatsoever in the non- 
sensitized person. 

While the above distinctions are well recognized, Sherman (17) has pointed 
out that it is sometimes impossible to make a clear distinction between allergic 
and toxic reactions to drugs. Such a differentiation is, indeed, difficult when ap- 
plied to certain of the individual reactions to PAS which have been reported. 
Except for the usual gastrointestinal symptoms, however, most of the reported 
reactions which appear clearly attributable to PAS are characteristically allergic. 
Certainly, the seven unusual reactions to PAS observed at the Laurel Heights 
Sanatorium satisfy the criteria of allergic reactions to this drug. 

At Laurel Heights approximately 275 patients have now been treated with 
PAS, usually in combination with streptomycin administered concurrently. The 
usual dosage of PAS has been 10 gm. daily (in terms of the free acid) administered 
orally as an aqueous solution of the sodium salt in four divided doses. Allergic 
reactions to PAS have been observed in 7 patients, an incidence of approximately 
2} per cent. 

The case reports which follow further illustrate the variety of allergic reactions 
to PAS. 
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CASE REPORTS 


All of the patients now to be reported were being treated for active pulmonary 
tuberculosis, confirmed by the demonstration of tubercle bacilli in the sputum 
or gastric contents. None had previously been treated with PAS. Whenever 
amounts of PAS are given in the case reports which follow, the figures are in 
terms of the free acid. In all instances, however, the drug was actually admin- 
istered as an aqueous solution of the sodium salt. 


Case 1, A. C. (figure 1). Urticaria: This 36-year-old white woman had previously been 
treated in 1947 and again in 1949 with streptomycin without PAS. There was a past history 
of mild hay fever and of occasional dermatitis of the hands from certain soaps and lotions. 

During the first twenty-four hours of her third course of chemotherapy, the patient 
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received a single 1.0 gm. dose of streptomycin and 10 gm. of PAS divided into four doses. 
After the fourth dose of PAS she developed generalized urticaria and itching. Both drugs 
were discontinued. The leukocyte count was 4,100 per cu. mm., with 4 per cent eosinophils. 
The symptoms gradually disappeared over the next seven days. 

Readministration of PAS: After two symptom-free days, PAS alone was administered, 
3 gm. the first day and 5 gm. the second. The urticaria and itching promptly reappeared, 
and once more the drug was discontinued. Fever was not a feature of this patient’s reaction. 

Altempts at ‘‘desensitization’’: A few days after the symptoms had again disappeared, 
“‘desensitization’’ was attempted with 0.2 gm. of PAS daily. Doses were gradually increased, 
as indicated in figure 1, until doses of 10 gm. daily were reached on the fifteenth day. During 
“desensitization”’ the patient had some transient itching, but the urticaria did not recur. 
After she had been on full doses of PAS for ten days, administration of streptomycin was 
resumed. The patient has been observed for one year while receiving streptomycin, 1.0 
gm. twice weekly, and PAS (of several different brands), 10 gm. daily, and there have been 
no further reactions of any kind. 


The procedure of starting with a very small dose of PAS and gradually in- 
creasing the daily doses in these hypersensitive patients is referred to throughout 
this communication as a “desensitization” procedure. The objective of the pro- 
cedure is, of course, to establish a tolerance to adequate therapeutic doses of the 
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drug. When, following such a procedure, the patient was able to tolerate full 
doses of PAS without any untoward reaction, it has been assumed that this re- 
sulted from the “desensitization” procedure, and it is stated that the patient 
was successfully “desensitized.” This assumption appears logical. It should be 
clearly understood, however, that there is no evidence, other than what appears 
in these case reports, of what the exact mechanism was whereby the increased 
tolerance to PAS came about. It is well known that some patients who have ex- 
hibited allergic manifestations to other drugs—for example, an acute drug fever 
and rash as a reaction to streptomycin—may subsequently tolerate the drug 
without difficulty, even though nothing is done in the meantime except to allow 
the passage of time. Because of this lack of certainty as to what is responsible 
for the increased tolerance to PAS developed by some of these hypersensitive 
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patients, the terms “desensitization,” desensitized,” and so forth have been 
placed within quotation marks throughout these case reports and the discussion 
pertaining to them. 


Case 2, F. Q. (figure 2). Allergic gastrointestinal symptoms: This 47-year-old white man had 
never before received either streptomycin or PAS. He had a past history of hay fever and 
asthma and had noticed itching of the skin when he ate tomatoes. 

Treatment with streptomycin, 1.0 gm. twice weekly, and PAS, 10 gm. daily, was well 
tolerated for the first ten days. On the eleventh day, his temperature rose to 101°F., and 
severe nausea, diarrhea, and headache occurred. PAS was discontinued and the symptoms 
disappeared completely within forty-eight hours. Streptomycin, 1.0 gm. twice weekly, 
was continued for three more weeks but did not provoke any reaction. 

Readministration of PAS: Two consecutive attempts were made to “desensitize” the 
patient with gradually increasing doses of PAS over a period of seven days. Both times 
the patient promptly reacted with such severe nausea, vomiting, and diarrhea that the PAS 
had to be discontinued. Later a third attempt to ‘desensitize’ him to PAS was made, this 
time starting with four 0.1 gm. doses a day. Doses were increased so gradually that by the 
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nineteenth day the patient was receiving only 3.2 gm. daily, divided into four doses. Even 
this small amount of PAS produced such intolerable gastrointestinal symptoms that the 
drug had to be discontinued. There was no leukocytosis or eosinophilia. 

One month later the patient was given Banthine, 50 mg. four times a day for four days. 
On the fourth day a single 1.0 gm. dose of PAS was administered. This was followed in three 
hours by severe nausea, vomiting, and diarrhea. No further attempts at ‘‘desensitization” 
were made. 


In the light of subsequent experience, even smaller doses of PAS than were used 
in this case would now be recommended at the start of one of the later attempts 
at “desensitization.”’ The patient subsequently came to lobectomy under cover- 
age with streptomycin alone, and developed a mixed tuberculous and pyogenic 
empyema postoperatively. This appears to be coming under control following 


CASE #3 F.S. f 46 YRS. ALLERGIC HISTORY— NEGATIVE 
DAYS ° 10 20 30 50 60 


T T T T 


103 
102 
100 
99 
98 


HEADACHE 
“HaY FEVER™ 
ERYTH.-ITCH. 
BACK PAIN 
NAUSEA-VOM IT. 
SM. Gm./OAY 


ORAL 


TEM PERATURE 


ORUG 
REACTION 


PAS 


GM. /OAY 


chemotherapy with terramycin and penicillin (in addition to the streptomycin) 
plus a secondary thoracoplasty. One cannot help wondering, however, if the 
complication might have been avoided had a prolonged course of streptomycin 
and PAS preliminary to the operation been made feasible by successful “‘de- 
sensitization” to PAS. 


Case 3, F. S. (figure 3). Hay fever-like syndrome: This 46-year-old white man had never 
before received either streptomycin or PAS. He denied previous allergic manifestations of 
any kind. 

Treatment with streptomycin, 1.0 gm. twice weekly, and PAS, 10 gm. daily, was well 
tolerated for the first ten days. On the eleventh day there was sudden rise of temperature 
to 103°F. with chills, headache, erythema and itching of the skin, and premature ventricu- 
lar contractions. In addition, the patient exhibited the typical symptoms of hay fever with 
burning and congestion of the eyes, lacrimation, sneezing, and nasal discharge. Fever and 
other symptoms disappeared completely within forty-eight hours after PAS was discon- 
tinued. 

Readministration of PAS: A few days later, streptomycin also was discontinued, although 
it had produced no symptoms in the meantime. Single test doses of PAS alone, first 1.0 gm. 
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and later 0.2 gm., were then administered. Each provoked the same reaction as had occurred 
initially, except that symptoms were less severe and the premature ventricular contrac- 
tions did not recur. There was no leukocytosis or eosinophilia. The electrocardiogram was 
normal 

Attempts at ‘“‘desensitization’’: It was then decided to attempt “desensitization” with 
very small doses of PAS increased very slowly. The patient was first given 0.01 gm. of PAS 
in a single dose. He received two 0.01 gm. doses the following day and four on the third day. 
The four daily doses were then continued, and their size was gradually increased to provide 
the total daily doses charted in figure 3. As can be noted, the daily increments were increased 
more rapidly as the program progressed. During the period of ‘‘desensitization”’ the patient 
showed no untoward reactions except on the fourteenth day, when slight fever and head- 
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Fic. 4. On the line labeled ““X-ray—Pneumonitis,”’ a single 0 or + mark appears on each 
day a chest roentgenogram was made. The + indicates that the roentgenogram of that day 
showed the presence of the acute pneumonitis but does not indicate its extent. The 0 indi- 
cates that a film showed no evidence of acute pneumonitis. Spaces on this line are left blank 
for the days on which no roentgenogram was made. 


ache reappeared, and on the twenty-first day, when slight fever alone occurred. On both 
occasions the daily dose of PAS was temporarily reduced, after which the program of daily 
increments was resumed. On the twenty-sixth day the full dose of 10 gm. daily was reached, 
and PAS was then continued at that level. Streptomycin, 1.0 gm. twice weekly, was resumed 
on the thirty-second day. Treatment with both drugs has been well tolerated, with no re- 
actions whatsoever to any of the brands or lots of PAS employed during the ensuing five 
months. The patient is still under treatment. 


The course of events during the program of “desensitization” in this case 
suggests strongly that the actual “desensitization” procedure, and not the mere 
passage of time, was responsible for the eventual good tolerance to PAS. 


Case 4, R. C. (figure 4). Léffler’s syndrome: This 33-year-old white woman had never before 
received either streptomycin or PAS. There was a past history of asthma, of itching of the 
skin when she ate tomatoes, and of one attack of urticaria following administration of peni- 
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bic. 5. Righth dav of treatment with PAS, 10.0 gm. daily and streptomver 10 em. twice weekly Patehy, 
cute pneumonitis is present in both lungs. Prior to chemotherapy both lungs had been normal except for mint 
mail tube reulosis in the right upper lobe 

Fic. 6. Seventeenth dav after stopping full doses of PAS. Clearing of the acute bilateral pHeunmonitis hod been 
complete by the sixth post-treatment dav and the underlving minimal tuberculosis is now visible on the right at 
the level of the sixth posterior rib. This is a control roentgenogram taken before giving test doses of PAS 

bi 7. After three davs of consecutive test doses of PAS alone The recurred in both 
lungs 

Fig. S. First day after stopping test doses of PAS. In twentyyfour hours there has been rapid, but not vet 
complete clearing ot the mute 

Fie. & Third dav after stopping test doses of PAS. Resolution of the acute PHeUMONITIS Is complete The 
minimal tuberculosis in the right upper lobe remains unchanged 


Fie. 10. Nineteenth day of attempted ‘desensitization’ to PAS (see text and figure 4). The bil iteral pneu 


monitis has recurred, with eosinophilia, but without fever or other symptoms. Recurrence of the pneumoni 


tis was transitory, and ‘desensitization’? was later completed 
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eillin. The patient's pulmonary tuberculosis was minimal in extent. She was placed on 
treatment with streptomycin, 1.0 gm. twice weekly, and PAS, 10 gm. daily, principally 
because of a complicating tuberculous laryngitis. Tuberele bacilli were demonstrated in 
cultures of the sputum and of the gastrie contents 

When treatment was started the patient was afebrile and virtually asymptomatic 
The ervthroeyte count was normal and the leukoeyvte count was 7,300 per cu. mm., with 
2.5 per cent eosinophils Om the sixth day of treatment, the patient's temperature suddenly 
rose to OOS F., and on the following day there was further rise to 101.6°, with the develop 
ment of mild cough and expectoration This was followed by some generalized itching of 
the skin but no rash. The next dav (eighth day of treatment) a chest roentgenogram showed, 
in addition to the previously existing minimal infiltration in the right upper lobe, the de 
velopment of an irregular patchy pneumonitis in both lungs (figure 5). At this time the 
leukoevte count was 11,300 per cu. mm. with 3 per cent eosinophils. All medication was 
Susy nded exce por odeime for eough 

The temperature promptly fell to normal and the other symptoms gradually abated 
during the next two davs. Nine davs after the start of treatment and one day after its dis 
continuance, ao roentgenogram showed some increase in the extent of the acute pHheumonitis 
After this, serial roentgenograms showed steady and fairly rapid clearing so that six days 
after the drug had been discontinued e¢ ‘aring of the acute pheumonitis was complete 
(hgure 6 

During the renetion and post-reaction period serial leukoevte counts followed the prat 
tern charted in figure 4 It is of interest that both the leukoevte count and the per cent oft 
eosinophils rose gradually during the period when the acute pneumonitis was reaching its 
height. After this, the leukoevte count fell gradually to normal. The eosinophils, however, 
continued to inerease, both in total number and in per cent of the total leukoevtes, for sev 
eral davs while the acute pneumonitis was subsiding. The eosinophil count reached its high 
est level of 22 per cent on the very day when clearing of the allergie pneumonitis was first 
observed to be complete The eosinophil count then subsided gradually to a much lower 
figure, though it remained above normal. This pattern has frequently been reported im 
patients with Loffler’s svndrome from other causes 

One week after the acute pneumonitis had disappeared, a single test dose of streptomy 
cin, 1.0 gm... was administered intramuscularly. This produced no detectable effeet upon 
fever sVimptoms the leukoevte count, or the roentgenogram 

Readministration of PAS: Four davs later and seventeen davs after the last previous 
dose of PAS (figure 6) a single dose of 1.0 gm. of PAS was given by mouth. When this pro 
voked no untoward reaction, it was followed the next dav by four doses of 1.25 gm. each, 
and on the third dav by three doses of 2.5 gm. each. By the afternoon of this dav, fever 


“again rose te Lae | md there was slight cough PAS was again diseontinued The next 


Morning a hew hest roentgenogram showed recurrence of the bilater il patehs 


figure \ specimen of sputum was found to contain great numbers of eosinophils. Fever 
ind cough promptly subsided, and in serial daily films the allergic pneumonitis again cleared 
rapidly so that clearing was complete within three davs (figures S and %). Serial leukoeyte 
ind eosinophil counts during this episode followed much the same pattern as during the 
previeus one 


Iffempt a lesensitization”’ Subsequently “desensitization”? with PAS was accom 


plished, starting with 0.04 gm. per day in four divided doses. The daily dose was then in 
creased in very small increments. After the fifth dav, the usual daily increment was 0.2 
gm. On the nineteenth day of this “densensitization’’ program, when the daily dose of PAS 
had reached 3.2 gm... there was again «a mild reeurrence of the poueumonttis and the eosin 
ophil count rose to IS percent Cfigure 10). There were no subjective symptoms and tempera 
ture did not rise above OO FF. The program Wits continued according te plan except that the 
close em was given on the twentieth and twenty-first davs Roent genogr ims on 
the twentieth and twenty-third days showed the pneumonitis to be clearing, and within 


ten days clearing was again complete. From this point on there was no recurrence of symp 
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toms or of the pneumonitis. The eosinophil count continued to decline although, even when 
the full dose of 10 gm. daily was reached on the fifty-fourth day, the eosinophil count was 
still in the range of 12 per cent (leukocyte count, 8,300 per cu. mm.). 

After tolerance to 10 gm. daily doses of PAS had been established, streptomycin was 
resumed in doses of 1.0 gm. twice weekly. Both drugs have been continued at this level 
during the ensuing three months. There have been no further symptoms or unfavorable 
changes in the roentgenogram. The leukocyte count has remained generally in the range of 
6,000 to 8,000 per cu. mm., and eosinophils have slowly declined further to 6 per cent in the 
last count available at the present time. 


During the period of ‘‘desensitization” in this case, the brand of PAS employed 
was different from that which had provoked the original allergic reaction. While 
it was already apparent that this second brand also had caused a slight and 
transient reaction in the lungs, full 10 gm. doses of the first brand were sub- 
sequently administered for a few days. This was done further to reduce the pos- 
sibility that the allergic pneumonitis had been produced by some impurity present 
in the first brand but not in the second. After “desensitization,” both of these 
brands and other brands and lots employed since have been tolerated equally 
well. 

It is well known that streptomycin is capable of producing high levels of eosino- 
philia in some patients. In this case, however, streptomycin as the cause of the 
eosinophilia appears to be eliminated beyond reasonable doubt. At the time of 
the initial eosinophilia the patient had received only three 1.0 gm. doses of 
streptomycin. During the subsequent episodes of marked eosinophilia and pneu- 
monitis she was receiving no streptomycin whatsoever. 


Case 5, E. C. Drug fever, skin rash, and paresthesias: This 30-year-old white woman had 
never before received either streptomycin or PAS. She denied previous allergic manifesta- 
tions of any kind. 

For the first twelve days of chemotherapy with streptomycin, 1.0 gm. daily, and PAS, 
10 gm. daily, the patient was afebrile. On the thirteenth day her temperature rose to 100.4°F. 
On the fourteenth day, when fever reached 103.6°F., streptomycin and PAS were both 
stopped, and the temperature promptly fell to 99°F. The following day a single test dose of 
2.5 gm. of PAS alone was given, and fever promptly recurred to 104°F. The temperature soon 
fell to approximately 101°F. but did not return to normal, even though the patient was no 
longer receiving either streptomycin or PAS. Instead, it again increased to 103.4°F. on the 
sixth day after treatment had been discontinued, when a macular skin rash first appeared. 
The rash, over the next few days, became severe, covering the entire body including the 
face and the palms of the hands. At the same time the patient complained of sore throat and 
was found to have a granular laryngitis. During this period she also had diarrhea and for 
three days noticed small amounts of blood in her stools. A roentgenogram of the chest 
showed no change. The leukocyte count was 12,200 per cu. mm., with 81 per cent polymor- 
phonuclear neutrophils and 6.5 per cent eosinophils (before chemotherapy the leukocyte 
count had been 8,900 per cu. mm. with 79 per cent polymorphonuclear neutrophils and 
1.5 per cent eosinophils). The temperature finally returned to normal and the rash had com- 
pletely disappeared nine days after the single test dose of PAS (this was ten days after the 
last dose of streptomycin). 

Readministration of PAS: Two weeks later, the patient was again given a single test dose 
of 2.5 gm. of PAS. This was followed immediately by fever to 104°F. and marked malaise, 
but the rash did not return. The temperature returned to normal within forty-eight hours 

A fortnight later, the patient was given a single test dose of 0.5 gm. of streptomycin. 
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She reacted with fever to 103°F. and recurrence of the rash, this time less severe than be- 
fore. Temperature and rash disappeared within forty-eight hours. 

Following this, a test dose of 1.0 gm. of dihydrostreptomycin failed to evoke any reaction. 

Attempts at “‘desensitization”: Subsequently, an attempt was made to ‘‘desensitize”’ the 
patient, beginning with 0.02 gm. of PAS daily. As the dose was gradually increased, there 
were several transient episodes of fever. Each time this occurred the dose was temporarily 
reduced, after which small daily increments were gradually resumed. At a slow pace the 
dose had reached 7.5 gm. daily on the seventieth day of attempted ‘‘desensitization,”’ 
when high fever recurred, accompanied by rash, nausea, vomiting, and headache. Sub- 
sequently, test doses of 2.5 gm., and later of 0.2 gm., of PAS each produced a similar, al- 
though less violent, reaction. 

After a rest period of six weeks, another attempt at ‘‘desensitization’’ to PAS was started, 
beginning with even smaller daily increments of 0.02 gm. By the time the total daily dose 
had reached 0.2 gm. there was a localized papulovesicular rash about the elbows. As the 
attempt at ‘“‘desensitization’’ was continued, the rash became irregularly confluent and 
maculopapular in character, and gradually spread over the arms, the legs, the buttocks, 
and the mucous membranes of the mouth. There were also transient paresthesias, and the 
maximum daily temperature eventually rose to approximately 100°F. The leukocyte count 
and the differential count remained normal, as did the bleeding and clotting time. On the 
thirty-eighth day of the ‘‘desensitization”’ program, PAS was again discontinued. 


It is of interest that this patient, unlike the others, is clearly allergic to both 
streptomycin and PAS. It is of further interest that dihydrostreptomycin, in 
the single 1.0 gm. test dose employed, produced no reaction. 


Case 6, L. C. Drug fever with coryza and lymphadenopathy: This 38-year-old white woman 
had never before received either streptomycin or PAS. There was no history of previous 
allergies. Prior to treatment she was afebrile and asymptomatic. A routine leukocyte count 
on admission had been 6,300 per cu. mm. with 74 per cent polymorphonuclear neutrophils 
and 3 per cent eosinophils. 

Treatment with streptomycin, 1.0 gm. twice weekly, and PAS, 10 gm. daily, was well 
tolerated until the fourteenth day, when the drug reaction started. The reaction began 
with chilly sensations and symptoms of a head cold. These symptoms were followed rapidly 
by fever to a peak of 101.4°F., shaking chills, severe malaise, and aching of the head, neck, 
and back, flushing of the face, a splotchy erythema of the entire skin, injection of the con- 
junctivae, and enlargement of a cervical lymph node. The leukocyte count was 4,000 per 
cu. mm. with 44 per cent polymorphonuclear neutrophils and 6 per cent eosinophils. All 
medication was suspended on the third day of the reaction, and the symptoms all disap- 
peared within less than twenty-four hours. 

Readministration of PAS: Approximately one week later a single test dose of 1.0 gm. of 
PAS alone was administered. Within five hours, the temperature rose to 101.6°F., and all 
the symptoms of the first reaction recurred with the exception of the lymphadenopathy. 
The second reaction subsided completely by the next morning. 

Attempts at “desensitization”: After a few days, a program of ‘“‘desensitization’’ was 
started with a single dose of 0.01 gm. of PAS. After this the daily dose was increased very 
gradually at the beginning, more rapidly later on. The full dose of 10 gm. daily was reached 
on the twenty-sixth day of the program. Regular treatment with PAS, 10 gm. daily, and 
streptomycin, 1.0 gm. twice weekly, was then resumed. There have been no further reactions 
to either drug. 


The reaction to the 1.0 gm. test dose of PAS in this case was quite severe. 
Yet the “desensitizing” doses of the drug, which were increased at the rate of 
as much as 0.9 gm. daily toward the end of the program, were tolerated without 
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the slightest difficulty. When contrasted with Case 6, this experience illustrates 
the great individual variation in the response of different patients to attempts 
at “desensitization.” 


Case 7, E. M. Drug fever with spasmodic cough, and conjunctivitis: This 57-year-old Negro 
woman had never before received either streptomycin or PAS. Her past history was negative 
for allergies of any kind. 

On admission this patient was acutely ill with fever between 102° and 103°F ., delirium, 
and severe tuberculous laryngitis. The cerebrospinal fluid was normal. Shortly after ad- 
mission the patient was started on streptomycin, 1.0 gm. daily, and PAS, 10 gm. daily. 
Within a few days her temperature fell to approximately 99.6°F., laryngeal discomfort 
disappeared, and her senses cleared. After the sixth day of daily streptomycin, the dose 
was changed to 1.0 gm. twice weekly. The clinical course was satisfactory until the thir- 
teenth day of chemotherapy, when her temperature suddenly rose to 100°F., followed by 
further rise to 101.2°F. the next day, associated with some increase of cough. Streptomycin 
and PAS were both discontinued. The temperature promptly fell to 99°F. and the cough 
subsided to its former level within twenty-four hours. 

Readministration of PAS: Two days later the patient was given a test dose of 1.0 gm. of 
PAS. Six hours later her temperature rose to 101.4°F., dry, hacking cough returned; and she 
developed a mild conjunctivitis. All of these symptoms subsided within eight hours after 
the test dose. 

After another two days the patient was given a test dose of 2.0 gm. of PAS of a different 
brand. Within one and one-half hours the patient had a severe, dry, hacking cough. This 
was followed within the next two hours by fever to 104°F., tachycardia, severe conjunc- 
tivitis, and lacrimation. There was also a transient leukocytosis of 15,500 per cu. mm., 
but no eosinophilia. Fever and all symptoms had disappeared completely twelve hours 
after the test dose. A repeat roentgenogram showed no change in the lungs from the status 
prior to treatment. 


The reactions to PAS in this case occurred quite recently. It is too soon to 
predict whether or not “desensitization” will be accomplished. 


DISCUSSION 


Of these seven reactions to para-aminosalicylic acid (PAS), six are quite similar 
to allergic reactions reported by other observers. So far as the present writers 
can determine, however, no previous instance of the transitory pneumonitis 
with eosinophilia, first described by Léffler (18), has been attributed to PAS. 
In Case 4 the eosinophilic pneumonitis is typical and evidence that PAS was the 
agent responsible appears unequivocal. Thus, PAS joins the list of other drugs 
held occasionally responsible for this syndrome (19, 20, 21). 

It is noteworthy that in Case 2 the most troublesome symptoms were gastro- 
intestinal and were quite similar in kind to the toxic symptoms so commonly 
encountered in patients receiving PAS. In this particular case, however, there 
were elements which strongly indicate that the symptoms were allergic: 


1. The initial ten-day period of treatment on 10 gm. daily doses of PAS without 
symptoms represented a good “incubation period” for sensitization. 
2. The onsetof nausea and diarrhea, accompanied by fever and headache, was sudden 
and explosive on the eleventh day. 
. The recurrence of symptoms each time PAS was administered subsequently was 
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prompt even when the total amount (1.0 gm.) was a small fraction, not only of 
the dose ordinarily well tolerated by other patients, but also of the 10 gm. daily 
doses initially well tolerated by this patient himself before he had become sen- 
sitized to the drug. 


An interesting feature in Case 1 was the occurrence of the urticarial reaction 
within twenty-four hours of the start of treatment in a patient who had never 
before received PAS. This experience is quite unusual. The allergic reactions to 
PAS which have been reported vary considerably in their time of occurrence, but 
a week or longer has usually elapsed between the start of PAS treatment and the 
first evidences of allergy to the drug. Certainly, twenty-four hours is a short 
“incubation period” in which to have sensitization to a drug occur, and Black 
(16) claims that an “incubation period” is always necessary. He quotes Sulz- 
berger as pointing out, however, that the sensitizing exposure may be due to 
an original substance apparently entirely different from the one eliciting the re- 
action. While drug allergy is usually quite specific, the specific substance eliciting 
the reaction may be not the entire molecule but only a certain element or chem- 
ical group contained in it. Hence, it is necessary only that the sensitizing sub- 
stance contain one or more of the same elements or chemical groups as the drug 
causing the reaction. 

It is of interest in this connection that patients allergic to PAS, or to its sodium 
salt, do not more frequently exhibit allergic manifestations also to acetylsalicylic 
acid or to other salicylates. None of the patients in the present study had pre- 
viously experienced reactions to acetylsalicylic acid (aspirin) or to other salicyl- 
ates, though all had previously taken acetylsalicylic acid from time to time. 
In Case 5, however, some weeks after the initial reactions to streptomycin and 
to PAS had subsided completely, and at a time when no other medication was 
being administered, a transient episode of urticaria occurred following two days 
of medication with acetylsalicylic acid, 0.6 gm. four times daily. When acetyl- 
salicylic acid was discontinued, the urticaria promptly subsided. On a later oc- 
casion the patient reacted promptly with transient fever and skin rash following 
the inadvertent administration of a single dose of tablets containing 0.5 gm. of 
acetylsalicylic acid, 0.3 gm. of acetophenetidene, and 0.07 gm. of caffeine. These 
experiences introduce the distinct possibility that the previous ingestion of PAS 
had sensitized the patient to acetylsalicylic acid as well as to PAS. A reaction 
to acetylsalicylic acid has not occurred in any other patient, although 4 were 
specifically given test doses of this salicylate after allergy to PAS had been 
demonstrated. 

With PAS, as with other drugs, one must consider the possibility that some 
impurity is responsible for the reactions observed. There is nothing in the present 
experience, or in the observations reported by others, that eliminates this pos- 
sibility completely. The various allergic reactions listed in this communication 
have, however, been reported from widely divergent sources and have obviously 
resulted from numerous brands and lots of the drug. It seems certain, therefore, 
either that the impurity responsible is inseparable from the parent drug in com- 
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mercially available preparations or that the reactions are due to PAS itself. Of 
these two possibilities the latter appears by all odds the more likely. 

While allergy to PAS does not affect a numerically high percentage of treated 
patients, the incidence is by no means low as compared with other drugs in 
common use. Moreover, the aggregate number of patients affected is becoming 
steadily larger as the use of PAS in tuberculosis increases. The great superiority 
of combined chemotherapy with both streptomycin and PAS over streptomycin 
alone is now generally accepted, especially for patients receiving prolonged 
courses of treatment. In such a patient, allergy to PAS may well constitute a 
major obstacle to successful treatment. Hence, every effort to circumvent the 
problem is clearly in order. 

Several physicians (3, 8, 9, 22) have reported success in “‘desensitizing”’ patients 
allergic to PAS. “Desensitization” has been accomplished in 4 of the 7 patients 
reported here, after which long courses of treatment have been tolerated without 
difficulty. In Case 2 it now seems likely that “desensitization” might have been 
accomplished had still smaller starting doses of PAS and still smaller daily incre- 
ments been employed. In Case 4 it is unlikely that tolerance to adequate doses 
of PAS can ever be established. Case 7 is a very recent case, and it is too soon 
to judge whether or not “desensitization” will be successfully accomplished. 

From the experiences reported herewith, it is evident that response to increas- 
ing doses of PAS varies greatly in different allergic patients. No set program of 
“desensitization” is widely applicable. The program chosen for each patient 
in the present report was arbitrary and was modified as trial and error demanded. 
In none of these patients have the reactions proved serious in themselves. The 
potential dangers inherent in the administration of increasing doses of a sub- 
stance to a patient allergic to it are, however, recognized. When the patient’s 
need for chemotherapy is unequivocal, it is believed that the risks of “‘desensitiza- 
tion” are justified. 

Because of the great desirability of prolonging bacterial sensitivity to strepto- 
mycin as long as possible, the present writers have generally preferred to with- 
hold streptomycin from patients allergic to PAS until tolerance to adequate 
doses of PAS could be established. In the patients encountered thus far, the 
tuberculous disease has not progressed while “desensitization” to PAS was being 
attempted, but it remains to be determined how bacterial sensitivity to PAS will 
be affected. In a patient acutely ill with rapidly progressive tuberculosis the pref- 
erence for withholding streptomycin might, of course, be outweighed by the 
urgency of the need for chemotherapy. 


SUMMARY 


The toxic action of para-aminosalicylic acid (PAS) affects a high proportion 
of treated patients to some degree. The symptoms of toxicity are of limited 
variety, however, and are confined largely, if not entirely, to the gastrointestinal 
tract. Only occasionally do they necessitate interruption of therapy. 

Allergic reactions to PAS occur, on the other hand, in only a relatively small 
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proportion of treated patients. A large number of different manifestations of 
allergy to PAS have been observed, however, and these have regularly required 
interruption of treatment. These manifestations sometimes occur singly; more 
often they are multiple and occur in a wide variety of combinations. The most 
frequent allergic manifestations are drug fever and skin rashes of various types. 

Seven cases exhibiting allergic reactions to PAS are reported in the present 
communication. The most unusual reaction was an acute transitory pneumonitis 
with eosinophilia (Léffler’s syndrome). 

The importance of establishing a tolerance to adequate doses of PAS in tuber- 
culous patients needing chemotherapy has been emphasized. In 4 of the cases 
reported here, successful “desensitization” to PAS has been accomplished. After 
“desensitization,” long courses of combined streptomycin and PAS were tolerated 
without difficulty. 


SUMARIO 


Reacciones Alérgicas al Acido Para-Aninosalicilico. Presentacién de Siete Casos, Incluso 
Uno de Sindrome de Léffler 

La accién téxica del dcido para-aminosalicilico (PAS) afecta hasta cierto punto a una 
elevada proporcién de los enfermos tratados. Los sintomas téxicos muestran, sin embargo, 
poca variedad, y se limitan en gran parte, sino del todo, al tubo gastrointestinal. Sélo de 
cuando en cuando imponen la interrupcién de la terapéutica. 

En cambio, s6lo se presentan reacciones alérgicas al PAS en una proporcidén relativamente 
pequefia de los casos tratados. Sin embargo, se han observado muchas distintas manifesta- 
ciones de alergia al PAS, y éstas sf han impuesto con regularidad la interrupcién de la tera- 
péutica. Esas manifestaciones a veces aparecen aisladamente; pero més a menudo son mil- 
tiples y forman combinaciones muy variadas. Las manifestaciones alérgicas mds frecuentes 
son la fiebre medicamentosa y erupciones cuténeas de varias formas. 

En la comunicacién actual se describen 7 casos que manifestaron reacciones alérgicas al 
PAS. La reaccién mds inusitada consistié en una neumonitis pasajera aguda con eosinofilia 
(sindrome de Léffler). 

Recdlcase la importancia de establecer tolerancia a dosis adecuadas de PAS en los tu- 
berculosos que necesitan quimioterapia. En 4 de los casos presentados ahora, se logré la 
“‘desensibilizacién’’ al PAS. Después de la ‘“‘desensibilizacién”’, toler4ronse sin dificultad 
series prolongadas de estreptomicina y PAS combinados. 


RESUME 


Réactions allergiques 4 l’acide para-aminosalicylique—Un rapport sur sept cas, y compris un 
cas de syndrome de Léffler 

L’action toxique de l’acide para-aminosalicylique se fait sentir, 4 un certain degré, dans 
une grande proportion des malades traités. Les signes de toxicité sont toutefois peu variés 
et se localisent en grande partie, sinon entiérement, a la voie gastro-intestinale. L’interrup- 
tion du traitement est rarement nécessaire. 

D’autre part, les réactions allergiques au PAS ne se produisent que dans une faible pro- 
portion des malades traités. Cependant, il a été observé un grand nombre de manifestations 
allergiques diverses; celles-ci ont toujours réclamé |’interruption du traitement. Ces mani- 
festations sont parfois isolées; le plus souvent elles sont multiples et se présentent sous la 
forme de combinaisons diverses. Les réactions allergiques les plus fréquentes sont la fiévre 
et les éruptions médicamenteuses. 

Sept cas présentant des réactions allergiques au PAS sont rapportés dans cette communi- 
cation. La réaction la plus inhabituelle a consisté en une inflammation pulmonaire transi- 
toire avec éosinophilie (Syndrome de Léffler). 
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Les auteurs insistent sur |’importance que représente, chez le tuberculeux soumis A la 
chimiothérapie, |’établissement d’une tolérance A des doses adéquates de PAS. Dans 4 des 
cas rapportés ici une ‘‘desensibilisation”’ satisfaisante au PAS a été réalisée. Aprés ‘“‘désen- 
sibilisation’’ de longues séries de l’association streptomycine—PAS ont été tolérées sans 
difficulté, 
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EFFECT OF PURIFIED FRACTIONS OF TUBERCULIN ON LEUKOCYTES 
FROM NORMAL AND TUBERCULOUS ANIMALS IN TISSUE CULTURES'* 
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INTRODUCTION 


The tissue culture studies of Rich and Lewis (1), confirmed by others, showed 
that Old Tuberculin had a specific cytotoxic action on leukocytes of tuberculous 
animals. A similar specific effect was found by Heilman and Seibert (2) to be 
produced by purified protein derivative (PPD), whereas no reaction followed 
the use of tuberculin polysaccharide or nucleic acid. 

Since in recent years several proteins, designated as A, B, and C, with different 
physicochemical and biological properties, as well as a new large molecular weight 
polysaccharide (4), have been isolated (3) from unheated tuberculin filtrates, 
it seemed advisable to study their action directly upon the leukocytes of tu- 
berculous animals by means of the tissue culture technique. 

Such studies should be of specia! interest in view of the fact that the A protein 
had been found (5) to be considerably more potent per milligram of nitrogen, 
while the C protein is notably less potent than the standard PPD-S, when given 
intradermally to infected individuals. The results obtained in the present study 
show, that, in addition to the specific inhibitory action on migration of leukocytes 
from tuberculous donors caused by both of these fractions, there are additional 
effects on the leukocytes which are different and characteristic for each fraction. 


MATERIALS AND METHODS 
Animals 


Normal and tuberculous rabbits were used in preliminary experiments. The tuberculous 
rabbits had been infected intravenously with 0.02 7 (moist weight) of bovine tubercle 
bacilli (Ravenel strain). Prior to infection, 5 of the rabbits had been injected at intervals 
with BCG tubercle bacilli and 2 other rabbits had been injected repeatedly with an A 
protein fraction. All of these tuberculous animals were used in another study (10). 

For the greater part of the present study, normal and tuberculous guinea pigs weighing 
between 600 and 1,000 gm. were used. All of the tuberculous guinea pigs had been demon- 
strated to be highly sensitive to tuberculin during the course of infection. They had been 
infected subcutaneously with either 0.25 or 0.5 y of human tubercle bacilli (DT strain). 
Frequent negative tuberculin skin tests demonstrated that the normal animals used as 


controls were not tuberculous. 
Old Tuberculin 


Four different lots of Koch’s OT were used. One lot (No. B511.10) was prepared by the 
Gilliland Laboratories, two lots (130H52808 and 130154206) by Wyeth, Inc., and one by 
the Michigan State Health Laboratories. 


‘From The Henry Phipps Institute, University of Pennsylvania, Philadelphia, Penn- 
sylvania. 

* Submitted to the Faculty of the Graduate School of the University of Pennsylvania 
in partial fulfillment of the requirements for the degree of Doctor of Philosophy. 

* Fellow of the National Tuberculosis Association, 1948-1951. 
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Purified Protein Derivative-Standard (PPD-S) 


The PPD-S used in this study was from the lot prepared for standard (6) and in general 
use at The Henry Phipps Institute and in the Public Health Service field studies. For the 
present study, in contrast to the skin-testing procedures, no preservative was used in 
any dilution of the PPD-S. A translation of the concentrations of OT into those of PPD-S 
is given in table 1 which tabulates these values for the OT preparations used in this study. 

In addition to these two types of tuberculin, three types of highly purified tuberculin 
fractions, proteins, polysaccharides, and nucleic acid were utilized. 


Purified Tuberculin Fractions 
Proteins 


Three types of purified protein fractions, A, B, and C, have been isolated from unheated 
culture filtrates. They have been characterized and described in earlier publications (7, 8). 

Fraction A: Four preparations, 90IC, 96BIII, 98III, and 100I1V, were used. These frac- 
tions were colorless, were soluble at their isoelectric point, were more potent per mg. of 
nitrogen in the skin test than the B or C fractions, and exhibited a slower mobility in elec- 
trophoresis than the other two fractions. 


TABLE 1 


TRANSLATION OF CONCENTRATIONS OF OLD TuBercuLIN (OT) INTO THose or STANDARD 


Puririep Protein Derivative (PPD-S) 

| DiLuTions or OT TRANSLATED Into PPD-S 
MADE BY SKIN TESTS (5) Ca 


oT 
LOT NUMBER 


Gilliland, B511.10* 1 ml. = 10 mg. PPD-S 1:50 OT = 0.2 mg. PPD-S/ml. 


Wyeth, 130H52808 . 1 ml. = 5 mg. PPD-S 1:50 OT = 0.1 mg. PPD-S/ml. 
Wyeth, 130H54206 1 ml. = 5 mg. PPD-S 1:50 OT = 0.1 mg. PPD-S/ml. 
Michigan State Health 

Laboratories. . 1 ml. = 5 mg. PPD-S 1:50 OT = 0.1 mg. PPD-S/ml. 


* Unpublished data. 


Fraction B: Two preparations, 97B and 98IIb, consisting chiefly of the B type of protein, 
were used. They were colorless, were soluble at their isoelectric point like the A type of 
protein, were slightly less potent, and migrated with a faster mobility in electrophoresis 
than the A fractions. 

Fraction C: Five preparations of the C type of protein, 941, 951, 96AI, 981, and 1001, 
were studied. They had a deep amber color, were insoluble at their isoelectric point, were 
much less potent per mg. of nitrogen in the skin test, and migrated with the same mobility 
as the B type of protein. 


Polysaccharides 


Type 1: One preparation, 70, a low molecular weight fraction consisting of mannose, 
galactose, and arabinose, was studied. It is a haptene-like substance giving high precipitin 
titers with anticarbohydrate sera, but is unable to elicit antibodies (3). 

Type Il: Preparation 100V was a large polyglucosan which was homogeneous in elec- 
trophoresis and a true antigen, eliciting antibodies to itself (4, 8). 


Nucleic Acids 

S5-1.4: 85-14, one of the purest nucleic acid fractions isolated (9) by repeated fractiona- 
tion by means of electrophoresis, was studied. It was the same preparation as that used by 
Heilman and Seibert (2) in the tissue culture studies 

Thymus nucleic acid: Two types of thymus nucleic acid were studied. One was a highly 
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purified, large molecular nucleic acid contributed by Professor Einar Hammarsten; and 
the other was a commercial preparation (Mackay Company). 


Test Solutions 


A stock solution (1:5) of the OT was made by adding 0.1 ml. of OT to 0.4 ml. of balanced 
salt solution.‘ At the time of the experiment, 0.1 ml. of this solution was added to 0.4 ml. 
of salt solution, giving a 1:25 dilution of OT. One drop of the 1:25 solution was then mixed 
with one drop of plasma from norma! animals in the case of leukocytes from normal animals, 
and from tuberculous animals in the case of leukocytes from tuberculous animals. One drop 
of this mixture was added to the leukocytes. 

The final dilutions of PPD-S made in the salt solution were such that 1 ml. contained 
0.4 mg. When one drop of this solution was added to one drop of plasma and placed on the 
leukocytes, the cells were then exposed to a final concentration of 0.2 mg. PPD-S per ml. 
Lower concentrations, as reported in the tables, were made by making further dilutions 
with plasma before the solution was added to the cells. 

Dilutions of all other substances tested were prepared in the same manner. 


Tissue Culture Methods 


In the preliminary experiments the technique of Rich and Lewis was followed except 
for a slight modification in the preparation of the OT solutions, as described under the test 
solutions. Normal and tuberculous rabbits were bled from the marginal ear vein with a 
sterile syringe containing approximately 0.3 ml. of heparin (1:1,000)*. The blood was placed 
in chilled test tubes packed in ice. The technique for the preparation of the buffy coat from 
this blood was similar to that of Rich and Lewis (1). 

In the experiments on guinea pigs, an occasional experiment was made with the buffy 
coat from the heart blood, but most experiments were done on the leukocytic plaques 
made from peritoneal exudates. These were made by injecting normal and tuberculous 
guinea pigs intraperitoneally with balanced salt solution (10 ml. per 100 gm. of body weight). 
After eighteen to twenty hours, these same animals were reinjected with the salt solution 
and the peritoneal exudates were drained into chilled tubes packed in ice. These were then 
centrifuged and the supernatant fluid removed. The sediment was used to form the leuko- 
cytic plaque as described below. 

Plasma for the cultures was obtained from other normal or tuberculous guinea pigs by 
bleeding them from the heart. 

Preparation of the leukocytic plaques: The peritoneal exudates, in approximately 4.25 
ml. amounts, were mixed with either the salt solution or the test solutions. The test solu- 
tions contained the equivalent of 0.1, 0.17, 0.2, or 0.4 mg. of test substance per ml. in 4.5 
ml. of leukocyte suspension. These mixtures were then centrifuged, the supernatant fluid 
discarded, and a small amount of plasma added to the sedimented leukocytes. The resulting 
plaque after further centrifugation was removed from the test tube and washed in salt 
solution where it was then cut into small pieces (1 to 2 mm.). 

Preparation of the hanging drop tissue cultures: Three such pieces of the leukocytic 
plaque were placed on a coverslip and a drop of the test solution in plasma or a drop of 
the balanced salt solution in plasma was added to them. The coverslip was then inverted 
over a vaseline ring on a slide and sealed. The cultures were then incubated at 37.5°C. for 
eighteen to twenty hours. 

Experiments were usually set up so that in each series there were three slide cultures 
containing pieces of the leukocytic plaques, each of normal cells plus salt solution in place 
of the test solution; three slides with normal cells plus test solution; three slides with 
tuberculous cells plus salt solutions; and three slides with tuberculous cells plus test solu- 


*The balanced salt solution used throughout these studies contained NaC!—9.0 gm., 
KCl—0.42 gm., CaCl.—0.24 gm. per liter. 
5 Heparin obtained from Hynson, Westcott, and Dunning, Inc., Baltimore, Md 
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tion. This plan applied to each dilution of the test solution employed. In the tables, there- 
fore, the results recorded on the normal cells represent a true control, for the conditions 
of the experiment and the cultures containing salt solution without test substance serve 
as controls for the cells of the exudates of the individual animals, both normal and tuber- 
culous. 

tepresentative cultures in all series were photographed in their natural state and others, 
fixed in formalin, stained with Harris hematoxylin, and mounted in balsam, were also 
photographed. 


Evaluation of the cultures: Each culture was studied for evidence of migration 
(M), granulation (G), agglutination (A), vacuolization (V), and disintegration 
(D) of leukocytes. The average extent of the effect in regard to each of these 
properties was recorded in the tables under their respective letter headings and 
graded from 0 to 8 for each set of conditions. Any unusual condition other than 
these was also recorded. Furthermore, considerable variation in the amount of 
migration of cells in the control cultures (those which received salt solution with- 
out test substance) occurred with different animals under the same conditions. 
Thus, the effect produced on the cells when subjected to the test solution must 
be considered in relation to the appearance of the same cells when cultured with- 
out test substance, as is shown in the tables. 

Usually plaques of normal as well as of tuberculous leukocytes alone exhibited 
extensive migration and only a small amount of granulation and agglutination 
was present. In the case of the tuberculous leukocytes there was at times also 
slight granulation. 

In all of the experiments, a specific effect was considered to be present if the 
tuberculous leukocytes were inhibited in migration and if they showed one or 
more increased effects, as granulation, agglutination, vacuolization, and disin- 
tegration, over and above that which occurred in the tuberculous cells when no 
test substance was used, and more than that caused by the test substance on 
norma! cells. If the effect of the test substance on normal cells was as great as 
on the tuberculous cells, then the effect was considered a nonspecific one. 


RESULTS 
Preliminary Experiments on Rabbits 


Effect of OT and PPD-S on leukocytes in tissue cultures of the buffy coats ob- 
tained from the blood of normal and tuberculous rabbits; In the cultures of the rab- 
bit leukocytic plaques, numerous granulocytes were the first cells to migrate, 
while the lymphocytes were seen closer to the pieces. In experiments in which 
the OT or PPD-S was added to the cells of tuberculous rabbits, complete in- 
hibition of migration did not occur with 0.4 mg. PPD-S or with OT, except in 
one case with a dilution of 1:80. There was, however, frequent microscopic 
evidence of injury to some of the granulocytes and, at times, even clumping of 
these cells. The lymphocytes did not appear to be injured. 

Normal leukocytes were inhibited in migration to a considerable extent in 
two of four experiments by a 1:50 or 1:60 dilution of OT. Even a dilution of 
1:100 in one instance had some effect. 
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These experiments indicated that the cells of tuberculous rabbits do not 
show notably greater damage due to contact with OT or PPD-S than the cells 
of normal animals. For this reason, all subsequent experiments were done with 
guinea pig cells. 


TABLE 2 
Errect or Tu BERCULI: ULIN (OT) ON PERITONEAL EXUDATE PLaqu ES 


NORMAL GUINEA PIG LEUKOCYTES PLUS TUBERCULOUS GUINEA PIG LEUKOCYTES PLUS 


Balanced Salt | 
Number N OT (1: 100) Number ‘Number. OT (1: 100) 
of Cul- | ef 


| tures 


3 9 | 23) 34) 3/ 


M = » Migration; G= Granulation; A= Agglutination; wv = Vacuolization. The numerale 
under these letter headings represent abstract numerical average values based on a grada- 
tion of 0 to 8 for each set of conditions. 

* OT, Wyeth’s lot number 130H54206. 

+ OT, Michigan State Health Laboratories. 


TABLE 3 
Errect or Stanparp Puririep Protein Derivative (PPD-S) on 
EXUDATE PLAaQu ES 


NORMAL GUINEA PIG LEUKOCYTES PLUS TUBERCULOUS GUINEA PIG LEUKOCYTES PLUS 


PPD-S (mg. per ml.)* : PPD-S (mg. per ml.) 


Num-| 91 mg. Cul. Scletion Num- 
ber mk tures ber of 


Cul- Cul- 
tures M G tures | M |G/A tures M |G) AV) tures 


434 9 7823 9 7823 9 294451 9 


M = Migration; G = Granulation; A = Agglutination; V = Vacuolization. The numerals 
under these letter headings represent abstract numerical average values based on a grada- 
tion of 0 to 8 for each set of conditions. 

* All concentrations were in terms of mg. per ml. 


Experiments on Guinea Pigs 

The predominant cells in the tissue cultures prepared from peritoneal exudates 
were polymorphonuclear leukocytes. At times macrophages and monocytes 
were also present. 

Effect with OT: The results given in table 2 show that the migration of the 
tuberculous guinea pig leukocytes was inhibited by the 1:100 dilution of the 
two OT samples used, although the inhibition was by no means complete. Since 
there was also a slight inhibition and granulation of the normal leukocytes with 
this dilution, a higher concentration would have masked the specific action of 
these tuberculins. This concentration caused more injury (agglutination and 


| 
9 9 9 3 | alae 
12 | 7-8| 2/3) 12 |34/ 3 /4/1° 
Balanced 
Cal. Solution Num. 0.2 me 0.2 mg Num. 0.1 mg. 
tures 
MGA Vv 
3 7823 9 33 41 


TABLE 4 


or Four Prove Fractions A on Perrroneat Excpare Py AQUES 


NORMAL GUINEA PIG LEUKOCYTES PLUS 


O.1 mg 


KOCYTES 


wWBITI 


ON 


6 
6 
6 


1OOTV 


= 
= 


T OF 


EFFEA 


M = Migration; G = Granulatis 1; A = Agglutination; V = Vacuolization; D = Disintegration. The numerals under these letter headings 
represent abstract numerical average values based on a gradation of Oto 8 for each set of eonditions. 
* ALL ex ntrations were in terms of mg. per ml 
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vacnolization) to the tuberculous cells than to the normal cells even though 
they migrated to some extent into the plasma clots and, therefore, the reaction 
must be considered specific. A greater inhibitory action and slightly more granu- 
lation was eaused by the Michigan OT than by the other samples of OT. 

Effect with PPD-S: PPD-S in a concentration of O11 mg. or more per mi. 
detinitely inhibited the migration of the leukoeytes from tuberculous guinea 
pis. ane it alse « agglutination and vacuolization of these cells. 

At a concentration of O mg. of PPD-S per ml., cells from normal guinea pigs 
showed none of these effects. However, at a concentration 0.2 mg per mi.) of 
this test substance, these leukoevtes were somewhat inhibited in migration but 
not to the sume extent as were the tuberculous leukoevtes. The latter cells also 
showed extensive granulation and agglutination while the normal cells showed 
less (table 3 and Plate I 

The effects appeared to be highly specihe and more marked than those pres i- 


ously found with OT, 
woth Puritied Fractions ot Tul reulin 


Protein As Un table 4 it is shown that four different A-type tuberculin protein 
fractions, in a concentration of O mg. per ml., detinitely inhibited the migra- 
tion of tuberculous cells, while practically no inhibition was produced on normal 
cells at this concentration and even at 0.2 mg. per ml, when compared with the 
amount of migration Which oecurred with the same cells in the control cultures 
Without the protein A fraction, Granulation appeared to be somewhat increased 
in the tuberculous leukoevtes and not in the normal leukoevtes, except with A 
fraction LOOLV. There was also an inerease in agglutination of the tubereulous 
cells as compared with the normal cells. 

A noticeable end to-end aggregation of the tuberculous leukoevtes was ob- 
served in cultures containing the A fractions, especially 96BITL and LOOTY. The 
cells appeared swollen flattened to the surface of the coverslip and ustially 
adhered to each other in linerr formation as shown in Plate Il. With the high 
powel muignifieation the boundaries of the cells appeared closely united. At 
times there seemed to be some vacuolization. 

Protein Be In table 3 it is indicated that the B-type protein also exerted a 
marked inhibition to migration of the tuberculous leukocytes ina concentration 
of OL mg. per ml. However, at a higher concentration, 0.2 mg. per ml, it alse 
exhibited a marked inhibition to migration of normal cells. In addition, inereased 
granulation and agglutination were observed ino both normal and tuberculous 
cultures (Plate TID) and more vacuolization oecurred only in the tuberculous 
leukoevtes. Theretore especially with the higher the 
to this Proven to be less specie than to the previous tuberculin fractions. 

Protein ©. A detinite inhibition to migration of tuberculous cells was caused 
by five C-type protein fractions in a concentration of 0.1 mg. per ml. (table 6). 
An inerease in agglutination and some increase in granulation eecurred in both 
the normal and tubers tous leukes Vtes More vacuolization and disintegration 


were caused by one C fraction. Even though vacuolization did occur in the 
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normal cells when they were subjected to some of the C proteins (Q6AT and LOOT), 


this condition was never as great as that produced in the tuberculous cells. 


I 
ind tuberculous guinea pig leukoeyvtes in 


of PPD (0.2 mg. per ml.) on normal 
tissue cultures (IS to 20 hours) fixed and stained with Harris hematoxvlin 
l and 2 Pubereulous leukoeyvtes plus balanced salt solution CIS to 20) hours 
low power above; high power 
Puberculous leukoevtes plus PPD -S. Same culture 
some clumping and injury to cells 
above high 


below 


Figs 
low power 


Same culture 
Pies. 3 and 4 
high power below, showing inhibition to migration 
5 and 6. Normal leukoevtes plus PPD-S. Same eulture: low power 


Pius 
below 
= 


power 
high power 


low power 
\ striking effect was the clumping of the tuberculous polymorphonuclear 


leukoevtes, especially with the OST and LOOT fractions, in 0.1 mg. per ml. concen- 


tration, as shown in Plate IV. 
Polysaccharides IT and 11: The results in table 7 show that the polysaccharides 
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pLaTe Il 


ffeet of A tuberculin protem traction (O11 mg. per ml.) on normal and tuberculous 


guinea pig leukoeytes in living tissue cultures (1S to 20 hours 

Fires. l and 2. Tubereulous leukoevtes plus balanced salt solution. Same eulture: low 
power high power below 

Fries. 3 and 4. Same tubereulous leukoevtes plus A fraction mg. per ml 
Same culture: low power above; high power-—-below, showing inhibited migration and 
swollen cells in tvpieal strands 


Low power 100: high power 


25S 
‘ 
- 
“ee 


TABLE 5 


or Proreis Fraction Box Perrronean Exupare PLAQues 


NORMAL GUINEA PIG LEUKOCYTES PLI TUBERCULOUS GUINEA PIG LEUKOCYTE 


ON LEUKOCYTES 


Number 0.1 me 0.2 me 


= 
= 


OF 


M = Migration; G Te lution; A Aggvlutination; \ Vacuolization. The numerals under these letter headings represent abstract 


numerical average values based on a gradation of Oto S for each set of conditions 


All concentrations were in terms of mg. per mil 
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TABLE 7 


or Porysaccnaripes on Prerironean Exupatre Praques 


NORMAL GUINEA PIG LEUKOCYTE TREROULOUS GUINEA PIG LEUKOC 


LEUKOCYTES 


ON 


= 
= 


3 


OF 


M Migration; G Granulation: Agglutinat 


umerical average vi s based on a lation of Oto S for 


EFFECT 


* All concentrations were in terms of mg. per ml 
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land I caused some inhibition to migration, granulation, agglutination, and 


vacuolization and as much in normal as in tuberculous cells when a concentra- 
tion of 0.2 mg. per ml. was used. 


ant? 


Il 


of B tuberculin protem traction 
leuk oes 


on normal and tuberculous guinea pig 
tes in living tissue cultures (IS to 20 hours). All high powers 

Fires. Land 2. Tuberculous leukoevtes plus balanced salt solution above. Normal leuko 
evtes plus B fraction, OSTTD (0.2 mg. per mi.) below 


3 and 4. Tubere ulous leukoevtes plus B fraction 
and (0.2 mg. per ml 


mg. per ml 
below 


above 
showing clumped and injured cells 


Low power < 100: high power 

Nucleic acids: Tubereulin nucleic acid produced only a nonspecitic effect, 
manifested mainly by an apparent stimulation of the individual polymorphonu- 
clear leukoevtes and macrophages. These cells were aligned near each other 
and seemed to possess greatly extended cellular processes. In table 8 it is shown 


that there was no greater increase in granulation or agglutination in the tubercu 


A > 
3 
| 
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lous cells than in the normal cells, but some increased vacuolization was observed 


in the former. 


IN 


OST) (0.2 mg. per ml 
IS to 20 hours 


Effect of C tubereulin protein fraction on normal and tuberculous 


guinea pig leukoeyvtes in tissue cultures 
Harris hematoxvlin 


fixed and stained with 


Pies. 1 and 2. Tuberculous leukoevtes plus balanced salt solution. Same culture: low 
power above; high power helow 

Figs. 3 and 4. Same tuberculous leukoeyvtes plus C fraction OSI] 
below showing typical clumped eells and in 


0.2 mg. per ml.). Same 


eulture low power above; high power 
hibited migration 

Fies. 5 and 6. Normal leukoevtes plus C fraction OST (0.2 mg. per ml.). Same culture 
above: high power below 


Low power = 100; high power = «oO 


low power 


A commercial preparation of thymus nucleic acid (Mackay Company ) exerted 
a similar stimulation of the cells with extension of cellular processes, as also did a 
highly purified thymus nucleic acid (Hammarsten). However, both preparations, 
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TABLE 9 
or Acips oN Perrroxean Exupare 


NORMAL GUINEA PIG LEUKOCYTE PLt 


LEUKOCYTES 


Cultures Culture 


M G \ 


ON 


Commercial Thymus Nucleic Acid (Mackay 


‘TIONS 


Thymus Nueleic 


= 
= 


OF TI 


M = Migration; G CGiranu : Agglutination: \ Vacuolization. The numerals under these letter headings rep nt 


tbstract 
laverage values based on a gradation of Oto for each set of conditions 
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at a concentration of 0.2 mg. per ml., produced slight inhibition to migration 
of normal and tuberculous leukocytes, while half of this amount had no effect 
(table 9). 

DISCUSSION 

With OT. the effects were not as marked as those reported by some previous 
investigators, Rich and Lewis (1), Aronson (11), Moen and Swift (12, 13), and 
Heilman, Feldman, and Mann (14). However, they seemed to be more intense 
than those obtained by Lasfargues, Boquet, and Delaunay (15), who attributed 
the slight effect they obtained to a decreased vitality of tuberculous cells; or 
than the completely negative results recently reported with PPD by Baldridge 
and Kligman (16), In our studies, as in these by Heilman and Seibert (2), while 
the specific effeet was unquestionable, the differential between a truly specific 
effeet on tuberculous cells and a nonspecific effect on normal cells was relatively 
cmall. In these studies it was only approximately twofold or less with OT and 
PPD-S. With the purified A and C proteins, this differential seemed to be greater, 
indieating less nonspecific effect with these fractions. While the tests with the 

3 fraction were too few to be conclusive, thev pose the question whether this 
fraction may possess more primary toxicity for the cells. 

The completely negative results of Baldridge and Kligman (16) are unexplain- 
able. It is difficult to equate the results of different authors with specitied dilu- 
tions of OT. since, as indicated in table 1, not all lots of OT possess comparable 
potencies, Some of the discrepancies reported in the literature may perhaps he 
explained on this busts 

Since in the present studies tuberculous plasm Wis always used with the 


Jaques made from tuberculous cells, the question has been raised concerning 
pkg 


the possibility of serum antibodies, known to he present (17), blocking the 
inhibition effect of the tuberculin fractions on the migration of tuberculous cells. 
Such an antibody blockade may explain the relatively mild inhibition to migra- 
tion observed in some eases in these studies, since one experiment performed by 
the writer on tuberculous guinea pig cells did show a greater neutralizing effect 
of the OT by tuberculous plasma than that found with normal plasma. However, 
the effect of antibodies cannot explain the apparent insensitivity of the tuberceu- 
lous rabbit cells, sinee in another experiment it was shown that tuberculous 
rabbit cells, even in the presence of normal plasma, were not inhibited in migra- 
tion by either OT or PPD-S. In this case, the only evidence of a specific eyto- 
toxie effeet was a flattening of the cells against the coverslip. Heilman and Sei- 
bert (2) alse, using only normal plasma, did not obtain complete inhibition by 
PPD to migration in the tuberculous rabbit cells. Rich and Lewis (1 found no 
evidence for neutralization of the specific effect of tuberculin on tuberculous 
cells by antibodies present in the tuberculous plasma. As a matter of tect, they 
even stigwested the possibility of the production additional eVLOTONIC effect 
by the combination of antigen and antibody. 

In addition to the definite sper ifie inhibition to migration of the tuberculous 
leukoevtes found in the studies here reported, which are in’ confirmation of 


\ \ \ \ 
\ 

\ 
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previous statements in the literature, the observation that the nature of the 
injury to the affected cells differs with different types of tuberculin. proteins 


2% 4 


reare \ 


Contrast in effeets on tuberculous guinea pig leukoeyvtes il tissue cultures (1S to 20 hours 
fixed and stained with Harris hematoxylin 
Fics. 1 and 2. Effect of C protein, showing clumping and injury to cells. Same culture: 


high power above: oil Immersion helow 
Fics. 3 and 4. Effect of A protein, showing swelling and stranding of cells. Same culture 
below 


above, oil immersion 
= 


high power 

High power = 500; oil immersion 
may be highly significant. The phenomena of the tuberculous cells clumping 
under the action of the C protein and of swelling and apparently becoming sticky 
so that they line themselves up into strands of flattened cells under the influence 


of the A protein (Plate V) find their counterparts in reports in the literature of 


. ? ¢ 
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clumping of polymorphonuclear leukocytes in the tuberculous tissues (18, 19), 
and of leukocytes becoming sticky and adhering to the vascular endothelium 
Which becomes altered during tuberculous infection (20, 21 

While this study was in progress, Martin, Pierce, Middlebrook, and Dubos 


22) 


reported the adherence of polymorphonuclear leukocytes to each other after 


these cells had phagoevtosed virulent tubercle bacilli. The authors believed that 


the surface ot these cells had become sticky, and they assumed that this change 
in the leukoevtes produced the depression of their migration which they also 
observed 

Che present results suggest a possible connection between the A fraction, which 
would exist in the ingested virulent bacilli, and the inhibitory effect. However, 
following the work of AllgOwer and Bloch (23), which indicated that the ingestion 
of virdlent baeill (hut not avirulent bacilli) led to a depression of migration of 
the leukoeyvtes, Bloch (24) isolated a lipid froetion from the virulent organisms 
Which he believed to be responsible for the result. Obviously, further work is 


indiexted 


sUMMARY 


Plaques made of leukocytes from peritoneal exudates induced by injection of 
balanced salt solution in normal and tuberculous guinea pigs furnished a highly 
satisfactory means of studving the effects of various purified tuberculin proteins, 
polvsaecharides, and nucleic acid, as well as tuberculin itself, on these cells in 
tissue cultures 

In confirmation of earlier work, the tubereulins, Old Tuberculin (OT) and 
standard purified protein derivative (PPD-S), were found to produce a specitic 
inhibition to migration and to cause injurv to tuberculous leukocytes. The 
differential, however, between the specific and nonspecitic effects was relatively 
small 

Purified tuberculin protein fractions A, By and C, whieh differed in their ehemi- 
cal and biological properties and all of which were isolated from unheated culture 
filtrates, were found specifically to inhibit migration of tuberculous cells ina 
concentration of Ol mg. or more per ml. The inhibition of migration caused by 
the A and © proteins on the tuberculous cells appeared to be more highly specitic 
than that caused by the B protein. 

Injury to the cells also oecurred, as evidenced by granulation, agglutination, 
vacuolization, and disintegration. A rounding or swelling of the cells accompanied 
by an apparent inerease ino stickiness, exusing an end-to-end aggregation of 
flattened cells called strat dling, Was a characteristic specitic effect ob some of the 
\ protein fractions; while clumping or “balling” of the tuberculous lenkoeyvtes 
appeared to be speeitic for all of the C proteins. Similar clamping frequently 
observed with OT and PPD-S may have been due to the presence of C protein 
in these preparations, 

Puberculin charides T and in comparable dilutions had no specific 
injurious aetion on tuberculous leukocytes, but in higher concentrations they 


had SOME pet ihe eflect. 
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Tubereulin nucleic acid, commercial thymus nucleic acid, and a highly purified 


(Hammarsten) thymus nucleie acid produced no significant inhibitory effect on 
tuberculous leukoevtes. However, the individual leukocytes showed greatly 


extended cellular processes 


MARIO 


Las placas pore pear con le ke los ‘ \udados peritane tles evoendos poor la 
inveecion de solucion salina equilibrada en cobayvos normales vy tuberculosos faecilitaron 
un medio altamente satisfactorio pura ¢ studing los efectos de varias protelias polis 
Vv decide nucleico purificados de la tuberculina, asi como de la tubereulina misma, sobre 
dichos glébulos en los eultivos histolégicos 

Confirmando estudios anteriores, las tuberculinas, Tuberculina Antigua v derivado 
proteinico purificado standard (DPP OS) produjeron inhibicion especities a la migracion 
de los leucocitos tuberculosos vy lestonaron los mismos. No obstante, fué relativamente 
pequena life entre los efectos es per ifieos \ los 

Las fraeciones A, Boy C de proteina tuberculiniea: purificada, que discrepaban en sus 
dades biol \ todas las fueron isl de tiltrades cultur tiles 
no calentados, inhibieron espeeificamente la migracién de glébulos tuberculosos «a una 
concentracion de Ob mg. por ml. o mas. La inhibieton de la migracién oeasionada por las 
proteinas A ven los glébulos tuberculoses parecio ser mais especitien que ln ocnsionada 
por la B 

También hubeo lesion de los globules, segtin evidenciaron la granulacton, aglutinacion, 
vacuolizacion v desintegracion. Un tipico efeeto especifieo de algunas de las fraceiones de 
In proteina A consistio en el re dondeamiento o de los globulos acon pan ido esto 
«le un aumento manthesto de la viseosidad que oeaston tha ta téerming terminal 
de los aplust llamada retorcimiento; en tanto que iwlutin oe mpelo 
tamtento de los leucoeitos tuberculosos pureclo ser especifien pars las proteinas 
La aglutinacion similar observada frecuentemente con la TA v el DPP-S puede haberse 
debido «a la presencia de proteina C en dichas preparaciones 

Laos polisaedrideos tuberculinicos Iv Il a diluctones compar ibles no ejercieron efecto 
nocive especifico sobre los leucocitos tubereulosos, pero a concentraciones mavores si 
mostraron algidn efecto anespecifieo 

acide nucleico tuberculinieo, el dcido nucleico del timo comercial v un purificadisime 
dcido nucleico timieo (Hammarsten) no produjeron mayor efecto inhibidor sobre los 
leucoeitos tubereulosos. Sin embargo, los distintos leueocitos revelaron procesos celulares 


muy extendidos 


RESUME 


preparation pl ques avec des leucoevtes extraits de cultures prepares sa partir 
Wexsudats péritonéaux, résultant de Vinjeetion d'une solution saline équilibrée A des 
cobaves normaunx ou tubere ule uN permis (WVobserver de facon tres sutisfaisante Vaetion 
evercéee sur ces cellules par un certain nombre de protéemes et de polvsaecharide set par 
acide nucléique de la tuberculine, A Vétat pur, ainsi que par la tubereuline elle-méme 

Confirmant les travaux antérieurs, ila été démontré que les tuberculines, la tuberculine 
de Koch et le dérivé protéique standard (PPD-S) produisent une inhibition spécitique de Ia 
migration et une iltération du leueoevte tubs reuleuyx Toutefois la différentielle entre 
les effets spécifiques et les non spécifiques Gtait re lativement basse 

Les fractions de protéine purifiées A, Bet C, qui différent par leurs propriétés chimiques 


et biologiques de toutes les fractions qui ont été isolées a partir de filtrats de culture non 


Efecto de las Fracciones P ficudas de Tuberculina sobre los Leucocitos Procedentes de 
tnimales Normatles Tuberculosos en los Cultivos Histoliagicos 
aa 
de fractions de tuberculine a Tétat pur sur les leucocytes 
‘ 
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chautfés, possédent la propriété spécitique, A la concentration de 0, | mg. par ml 


Vinhiber 
la migration des cellules tuberculeuses. Le degré de spécificité de Vinhibition de la migra 
tion exereée sur les cellules tuberculeuses par les protéines A et C, a été trouvé beaucoup 
plus élevé que celui de la protéine B 


Une altération des cellules s'est également manifestée, comme montré Ia presence 


de granulations et les phenomenes de vacuolisation et de désintégr ation cellulaires 
roncdissement ou le gontlement des cellules ssecompagne d'un acerotssemett de la 
viseosité détermine Vagglutination bout a bout de cellules aplaties 
ecectest un effet caracteristique de certaines fractions de la protéme \ 
git 


stranding” 
.tandis que Vag 
itination en amas ou le gonflement des leucocytes apparaissait Comme un effet specitique 
de toutes les protéimes C. Une agglutination similaire, fréquemment observée avee la 
tuberculine de Koch et le PPD-S, pourrait étre causée par la présence de protéine ¢ 


ims 
ces prepear ations 


Les polvsaecharides Let Tl de la tuberceuline, en dilutions comparables, @taient dé 
pourvus d'action nocive sur les leucoeyvtes tubereuleux, toutefois, les concentrations plus 


hautes déterminarent certains effets non specrtiques 
loaeide nucléique de la tuberculine, Vacide nucléique du commerce dérivé du thymus 


tun acide nueléique de thymus hautement N purifié (Hammarsten), ne déterminaient 
vucun phénomeéne dinhibition sur le leueoevte tuberculeux 


Des leucoevtes ont toutefois 
préesenteés des prolongements cellulaires trés accentués 
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A STUDY OF TUBERCULINS BY THE HEMAGGLUTINATION 
PROCEDURE! 


WILLIAM L. GABY, JOYCE BLACK, ann AMEDEO BONDI, JR. 
(Received for publication September 24, 1951) 


INTRODUCTION 


The hemagglutination test described by Middlebrook and Dubos (1) with 
the modifications suggested by Scott and Smith (2) and Rothbard, Dooneief, 
and Hite (3) for detecting antibodies in the serum of patients known to be, or 
suspected of being, infected with Mycobacterium tuberculosis has the potentialities 
of becoming a useful diagnostic procedure. Unfortunately, however, under the 
present conditions a positive test is not specific for active tuberculosis; in fact, 
the highest hemagglutination titers obtained in this laboratory have been from 
sera of tuberculin-positive normal laboratory personnel. Although the procedure 
was disappointing as a routine diagnostic test, the technique is suitable for study- 
ing the tuberculous antigens. By modifying the procedure it has been possible 
to compare and standardize different preparations of tuberculin and purified 
protein derivative (PPD) and to demonstrate both quantitative and qualitative 
differences between these antigens. 


OBSERVATIONS 
A Comparison of Commercial Tuberculins 


A number of tuberculin preparations, varying in concentration from 250 to 
4,000 mg. of Old Tuberculin (OT) per ml., were obtained from several com- 
mercial producers for study.2 The procedure used for sensitizing the sheep 
erythrocytes was identical with that described by Rothbard and associates (3). 
To study the in vitro activity of these tuberculins, a standard serum was pre- 
pared by pooling the sera of at least 10 tuberculous patients to assure the pres- 
ence of a more complete and uniform antibody content which might be lacking 
in a single serum. To compare the different commercial preparations, hemaggluti- 
nation experiments were run with erythrocytes sensitized with decreasing con- 
centrations of tuberculins. The results condensed in table 1 are expressed in 
terms of highest dilutions of sera agglutinating sensitized erythrocytes. They 
indicate that these commercial preparations not only differ quantitatively, but 
also can be diluted more than 100 times without decreasing the hemagglutina- 
tion titer. The concentrations of tuberculins are expressed in mg. per ml. for 
lack of better terminology. These results also show an inverse ratio between the 
antigen and antibody concentrations; as the concentration of the antigen used 


‘From the Department of Bacteriology, Hahnemann Medical College, Philadelphia, 
Pennsylvania. 

*? Made available through the courtesy of Bio-Research Laboratory; Eli Lilly & Co.; 
Jensen-Salsbery Laboratories; Lederle Laboratories, Division of American Cyanamid 
Company; Parke, Davis & Co.; and Pittman-Moore Co. 
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to sensitize the erythrocyte is decreased, the antibody concentration necessary 
for hemagglutination is increased. It is evident from the results, therefore, that, 
by keeping the serum constant at a given dilution and varying the concentra- 
tions of tuberculin used to sensitize the erythrocytes, a more direct method of 
comparing antigens would be available. No conclusions can be drawn from these 
data except to note that the various tuberculin preparations do behave differ- 
ently in vitro and that relatively low concentrations of these antigens can be 
used to sensitize sheep erythrocytes. It is inferred that the differences observed 
are quantitative. 


TABLE 1 
A CoMPaRISON OF COMMERCIAL TuUBERCULINS Usep To SensitT1zE SHeer EryTHrocyTes 


| ORIGINAL CON- a 
COMMERCIAL | CENTRATION OF CONCENTRATION OF TUBERCULINS, MG. PER ML. 
TUBERCULINS | TUBERCULINS 
| MG. PER ML. >31.25 31.25 | 78 39 | 18 09 


1,000 1/128* | 1/128 | 1/128 | 1/64 1/32} 1/8 | <1/4 
1/128 1/128 1/128 | 1/128 1/64; 1/16, <1/4 

4, 1/32 1/32 1/16 1/8 1/4 | 1/4 <1/4 
1 1/64 1/64 1/16 1/8 <1/4 | <1/4 <1/4 
1 1/128 1/128 | 1/32 1/32 1/32; 1/8 <1/4 
1/32 | 1/32 1/32 | 1/8 <1/4 | <1/4 <1/4 


* Titers indicate the highest dilution of pooled sera agglutinating sheep erythrocytes 
sensitized with decreasing concentrations of the commercial tuberculins. 


Comparison and Standardization of Unknown Preparations of OT and PPD 


By applying the antigen dilution technique described above, it has been 
possible to compare and standardize commercial PPD and OT prepared in the 
laboratory from several known and unknown strains of Mycobacterium. A total 
of sixteen antigens have been standardized to date. In order to simplify presenta- 
tion of the data, however, only the results obtained from a study of three such 
antigens are presented. The tuberculins were prepared in the laboratory by the 
method outlined by the Bureau of Animal Industries. In order to keep these 
results comparable with those of other investigators, all of the antigens were 
standardized against Lederle tuberculin. The test serum used throughout these 
studies was a 1:8 dilution of the pooled sera described above. Standardization 
was accomplished in two steps, the initial step being to determine the lowest 
concentration of the antigen necessary to sensitize sheep erythrocytes. The typi- 
cal response obtained, as shown in table 2, indicates the relative strength of the 
antigens as compared with a standard. Finally, the least amount of each antigen 
required to inhibit hemagglutination of erythrocytes sensitized with Lederle 
tuberculin was determined. The inhibition procedure used was identical with 
that described by Middlebrook and Dubos (1). The results in table 3 again 
indicate the degree to which these crude antigens differ. Additional studies have 
shown that the differences in the inhibition titers obtained were related to the 
initial concentration of the tuberculins and not to their antigenic composition, 
as any of the standardized antigens can be used to sensitize the agglutinating 


A } 

B | 
Cc 

D | 
E 
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cells without influencing the titers shown in table 3. This is additional evidence 
that the differences demonstrated by this type of procedure are quantitative 
and not qualitative. From the data thus obtained, it was possible to calculate 
the extent to which the unknown antigens should be diluted to give the equiva- 
lent strength, in terms of mg. per ml., of Lederle tuberculin. When the standard- 
ized antigens were tested against several sera of tuberculous patients and ani- 
mals, the calculated strength correlated within experimental error with that 
actually found. 


TABLE 2 
Resu.ts oF HEMAGGLUTINATION Tests SHOWING THE Lowest CoNCENTRATIONS OF OLD 
Tupercutin (OT) anp Pvuririep Protein Derivative (PPD) ReguirRED To 
Sensitize Sueer ERYTHROCYTES 


ORIGINAL | DILUTIONS OF ANTIGEN 

per ut, | 1400 | 1:800 | 1:1,600/ 1:3,200] 20 1: 102 ,400 
— — | | — | —_ —|—— 
PPD 10 - 
H37Rv OT unknown + | + | + | + + + + | + -_ 
H37Ra OT unknown + +i + - 


Tested against pooled sera diluted 1:8. 


TABLE 3 


INHIBITION OF HEMAGGLUTINATION BY OLD TuBercuLIN (OT) Puririep Protein 
Derivative (PPD) 


ANTIGEN DILUTIONS 
MG. PER ML. 2xi0* 5X 10° 1 xX 10° 2x Ww 5x 10 1x 10 2X 107 
PPD... 10 + + + 
H37Rv OT unknown - + 
H37Ra OT unknown - + + + 
+ + + 


Lederle OT 4,000 ~ + + + 


Agglutinating erythrocytes sensitized with 1:12 dilution of Lederle OT tested against 
pooled sera diluted 1:8. 


Qualitative Comparison of Tuberculins 


Since it was impossible to demonstrate qualitative differences by the methods 
previously described, hemagglutination-absorption studies were undertaken. The 
tuberculins studied were prepared from stock cultures of M. butyricum, BCG, 
H37Ra, H37Rv, and a pathogenic strain (9077) one transfer removed from a 
tuberculous patient. These antigens were standardized and diluted to the equiva- 
lent strength of the Lederle tuberculin by the method previously described. 
Sheep erythrocytes, sensitized with the maximum concentration of the respective 
tuberculins not causing hemolysis of the cells, were used as absorbing antigens. 
One volume of packed sensitized erythrocytes was added to four volumes of 
the test serum and incubated with occasional shaking in a 37°C. water bath for 
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at least thirty minutes. One absorption appeared to be sufficient usually for the 
removal of all homologous hemagglutinins; however, two absorptions were 
sometimes necessary. The absorbing erythrocytes were removed from the serum 
by centrifugation at approximately 2,500 r.p.m. for ten minutes. It has been the 
standard procedure to prepare just enough of the absorbed serum for immediate 
use. 

Homologous and heterologous hemagglutinations were determined on samples 
of sera absorbed with the various tuberculin-sensitized erythrocytes. In all 
experiments the serum pool was maintained at a constant 1:8 dilution, whereas 
the antigens were progressively diluted. 

The results of these experiments, as shown in table 4, are expressed in terms 
of per cent antibody absorbed from the pooled sera (calculated from the per 
cent reduction in titers of the tuberculins). They indicate that there are quali- 
tative differences between the tuberculins, especially those prepared from patho- 


TABLE 4 


REMOVAL OF SpectFic HEMAGGLUTININS FROM POOLED SERA OF TUBERCULOUS PATIENTS 
BY ABSORPTION WITH TUBERCULIN-SENSITIZED ERYTHROCYTES 


TUBERCULINS USED TO SENSITIZE AGGLUTINATING ERYTHROCYTES 


H37Rv 


ABSORBING TUBERCULINS 


BCG 
M. butyricum 


‘ 
Lederle 


Pooled sera diluted 1:8. 
* Per cent hemagglutinins absorbed. 


genic and nonpathogenic strains of Mycobacterium. The antigenic similarities 
of strains H37Ra and H37Rv are evident, but differences are apparent in that 
the H37Ra hemagglutinins are removed from the test sera by erythrocytes 
sensitized with tuberculins prepared from all of the nonpathogenic strains, while 
the H37Rv hemagglutinins are not. Lederle tuberculin, on the other hand, does 
not fall into either the pathogenic or nonpathogenic group. It would be difficult 
to classify this tuberculin, as it is known to be detived from several strains of 
Mycobacterium. It is of interest to note that the tuberculins prepared from 
pathogenic strains are more effective in removing the hemagglutinins from the 
pooled sera than are those prepared from nonpathogenic strains. The possible 
utilization of this observation in the development of a more specific diagnostic 
test is now being investigated. 


COMMENT 


The hemagglutination procedure, as originally described for the detection of 
antibodies in the serum of patients suspected of having tuberculosis, can be 


7 
| 
BCG H37Ra Lederle | 
100* 100 100 | | 0 
100 100 100 0 50 | 25 
H37Ra 100 99 100 100 0 
H37Rv_. 99 99 100 100 100 | 0 7 
100 99 0 0 | 100 
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adapted for studying tuberculous antigens. The techniques are flexible and can 
easily be modified to suit the particular type of experimental procedure which 
the investigator wishes to follow. The method is particularly valuable since 
purified antigens are not necessary if a hemagglutinin-absorption technique is 
employed. The present writers believe that valuable basic information can be 
obtained by carefully controlled studies on these crude antigens. Once a tubercu- 
lin has been standardized, it can be used interchangeably with the Lederle 
preparation in a diagnostic hemagglutination test with identical results. This 
was also true of the one PPD preparation studied. However, by absorbing the 
homologous hemagglutinins from the test sera with tuberculin sensitized eryth- 
rocytes and performing heterologous hemagglutination tests, the antigenic rela- 
tionship of different strains of Mycobacterium becomes visible. 

From the results presented it would appear that the antigenic composition of 
tuberculins prepared from pathogenic bacilli is more complex than that of those 
prepared from nonpathogenic strains. This is indicated by the fact that tuber- 
culins derived from the pathogens will remove most or all of the hemagglutinins 
from the pooled sera of tuberculous patients, whereas the tuberculins derived 
from the nonpathogens will not remove the hemagglutinins for the pathogens 
from the same sera. These results are in general agreement with those of other 
investigators, especially the physiologic studies of Bloch (4), and the serologic 
studies of Seibert (5) and Menzel and Heidelberger (6) who, by means of pre- 
cipitation reactions, could distinguish between the proteins from human, bovine, 
and avian tubercle bacilli and the timothy bacillus. 


SUMMARY 


A modification of the hemagglutination procedure originally described by 
Middlebrook and Dubos (1) has made it possible to compare and standardize 
unknown preparations of tuberculins and purified protein derivatives (PPD). 
Qualitative differences can be demonstrated between standardized tuberculins 
prepared from various strains of Mycobacterium by hemagglutinin-absorption 
methods. Differences and similarities in the antigenic behavior of these tubercu- 
lins are shown and are in confirmation with many of the results of other investiga- 
tors who, by various methods, have demonstrated differences between strains 
of Mycobacterium. The implications of these results are discussed. 


SUMARIO 
Estudio de las Tuberculinas por el Procedimiento de Hemaglutinacién 


Una modificacién del procedimiento de hemaglutinacién descrito primitivamente por 
Middlebrook y Dubos (1) ha permitido comparar y uniformizar preparaciones desconocidas 
de tuberculinas y de DPP. Con las técnicas de absorcién de hemaglutininas pueden obser- 
varse diferencias cualitativas entre las tuberculinas normalizadas preparadas de distintas 
cepas de Mycobacterium. Descibrense asi diferencias y semejanzas en el comportamiento 
antigénico de dichas tuberculinas, confirmando esto muchos de los resultados obtenidos 
por otros investigadores, quienes, con varias técnicas, han demostrado la existencia de 
diferencias entre cepas de Mycobacterium. Discitese el alcance de estos resultados. 
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RESUME 
Une étude des tuberculines par Vhémagglutination 


Une modification de la technique de l"hémagglutination, décrite initialement par Middle- 
brook et Dubos (1) permet de comparer et de standardiser des préparations non identifiées 
de tuberculines et de PPD. Des différences qualitatives peuvent étre ainsi démontrées 
entre les préparations de tuberculine standardisées, préparées A partir de diverses souches 
de Mycobacterium par “hémagglutinine-absorption’’. Les différences et les ressemblances 
de ces tuberculines dans leur réle d’antigénes sont exposées; elles confirment en grande 
partie les résultats des travaux d’autres investigateurs qui, par diverses méthodes, ont 
démontré les différences présentées par les diverses souches de Mycobacterium. Les implica- 
tions de ces résultats sont discutées. 
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(1) MippLesrook, G., ano Dvusos, R. J.: Specific serum agglutination of erythrocytes 
sensitized with extracts of tubercle bacilli, J. Exper. Med., 1948, 88, 521. 
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CHROMOGENIC ACID-FAST BACILLI FROM HUMAN SOURCES! 
I. Cultural Studies 
MAURICE 8S. TARSHIS* anp ARTHUR W. FRISCH 
(Received for publication August 20, 1951) 


INTRODUCTION 


A large number of atypical tubercle bacilli and other acid-fast organisms have 
been reported in the literature. Included among these are certain chromogenic 
strains isolated from patients with symptoms and roentgenographic findings 
simulating tuberculosis (1-10). In cases of tuberculosis this type of chromogen 
is isolated in approximately 1 to 4 per cent of diagnostic cultures (5, 9, 10). 
There is also some evidence that their incidence increases in patients treated 
with streptomycin (10). While most strains have been obtained at the beginning 
or during inactive phases of tuberculosis, they can also be found during active 
phases. There appears to be no constant human source for these organisms and, 
although isolated primarily from the sputum, they have been obtained from the 
skin, tonsils, ear and nasal secretions, mucous membranes, urine, and exudates 
from various types of lesions. In experimental animals, limited or occasionally 
progressive fatal infections have been produced and the organisms have been 
detected in tissues for varying periods after infection by both smear and culture 
(5, 9). Some of these .V ycobacteria are also capable of sensitizing guinea pigs both 
to homologous and heterologous tuberculins, and cross-sensitization experiments 
suggest an immunologic relation to tubercle bacilli (5, 9). 

Since little is known about the chromogenic group of organisms of the type 
herein described, additional studies seemed warranted. Therefore, a number of 
such strains were collected over a period of several years for the purpose of 
investigating their cultural characteristics, pathogenic potentialities, and their 
allergenic properties. This investigation deals with preliminary cultural studies. 
Pathologic and hypersensitivity studies will be reported in subsequent papers. 


MATERIALS AND METHODS 
Sources of Organisms 


A total of 26 chromogenic acid-fast bacilli® isolated from sputum, gastric lavages, and 
lung abscesses in patients with, or suspected of having, tuberculosis were obtained from 
the following sources: 


‘From the Department of Bacteriology, University of Oregon Medical School, Port- 
land, Oregon. 

? Present address: Tuberculosis Research Laboratory, Kennedy Veterans Administration 
Hospital, Memphis 15, Tennessee. 

* For clarity, throughout this and subsequent reports, the terms chromogens, chromogenic 
organisms, or chromogenic acid-fast bacilli refer to the organisms investigated in these 
studies. The term saprophyte in the experimental part of the papers refers to M. smegmatis, 
M. butyricum, and M. phlei. In the discussion, saprophytes include other strains which 
have been so classified by investigators regardless of pigmentation. 
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S-1 through S-10 and M-1 through M-6 (14 strains), Mayo Clinic, Rochester, Min- 
nesota 

W-1 through W-7 (5 strains), Veterans Administration Hospital, Walla Walla, 
Washington 

509, 786, and 886, Veterans Administration Hospital, Vancouver, Washington 
6288, Hygienic Laboratory, Oregon State Board of Health, Portland, Oregon 
98717, Olive View Sanatorium, Olive View, California 

Parks and S8-4V, Trudeau Laboratory, Trudeau, New York. 
As controls, the following 3 standard strains of tubercle bacilli and 5 saprophytic or- 

ganisms were used: 

BCG, M. tuberculosis (var. bovis), obtained from The Henry Phipps Institute, 
Philadelphia, Pennsylvania 

H37Ra, M. tuberculosis (var. hominis), avirulent variant 

H37Rv, M. tuberculosis (var. hominis), virulent variant M. phlei-a, M. phlei-b 
(all obtained from Trudeau Laboratory, Trudeau, New York) 

M. smegmatis-a, M. smegmatis-b, M. butyricum, obtained from Tuberculosis Evalua- 
tion Laboratory, Communicable Disease Center, Chamblee, Georgia. 


General Bacteriologic Characteristics 


Morphology and staining: All of the 26 chromogenic organisms were acid-fast, gram-posi- 
tive, non-motile, non-spore-bearing, noncapsulated rods. They were variable in size, rang- 
ing approximately from 1 to in length by 0.1 to 0.8 in diameter. Most of the organisms 
resembled tubercle bacilli, but the majority were longer and thicker. In a few strains, the 
cells were tiny and regular in contour; others were elongated, irregular, and showed central 
arching. Pleomorphism, consisting of clubbing at one or both ends with central body con- 
strictions, was often exhibited and was most marked in older cultures. The morphology 
varied considerably according to the medium used for growth and the age of the culture. 
Granules were seen frequently in some strains and only rarely in others; these were spaced 
regularly for the most part but occurred irregularly. Occasionally only one granule could 
be seen, although several were generally present. In some instances, acid-fast staining 
was intense or moderate; young colonies often stained weakly or not at all. At times only 
acid-fast granules were visible. Branching was not observed. 

Cultural characteristics: The strains were aerobic and the majority could be grown on a 
variety of media, but all of them multiplied best on those commonly used for culturing 
tubercle bacilli. In liquid media, growth usually occurred at the bottom of the tube but oc- 
casionally was uniform throughout. Pellicle formation was noted on one occasion with 
strain 8-5. This was slight, smooth, and developed only after prolonged incubation at 37°C. 
On the most favorable medium, colonies could be detected in two days, but the average 
period was four to six days, depending upon the size of the inoculum. Maximum develop- 
ment took place in two to four weeks. At room temperature growth was much slower than 
at 37°C. The organisms could also withstand the usual concentration techniques used for 
destroying contaminants prior to culture. Dispersed growth could be obtained in Dubos- 
Davis liquid medium (11). 

Colony morphology: With the exception of one strain (M-2), all colonies were convex, 
smooth, shiny, and soft to tenacious in consistency. In color they ranged from lemon- 
yellow to orange, the intensity of pigmentation increasing with the age of the culture. 
Some cultures were easily emulsified in water or saline, but others were not. Strain M-2, 
originally smooth, acquired rough characteristics similar to the human tubercle bacillus 
after repeated subculture on Corper-Cohn medium (12). 


Methods 


All basal and other media with the exceptions indicated were obtained as dehydrated 
preparations and reconstituted according to directions given in the eighth edition of the 


| 
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Difco Manual (13). Bordet-Gengou agar base was used in 4 gm. quantities instead of 4.5 
gm. as recommended. Agar-agar and thioglycollate media, obtained from the Baltimore 
Biological Laboratory, were used exactly according to their directions. 

The following media were prepared as indicated: Léffler medium: Bacto beef blood 
serum (Difco), 75 ml.; meat infusion broth, 25 ml. (14); glucose, 1 gm.; and glycerin, 0.5 
gm. Liver tryptose agar: Bacto tryptose agar (Difco), 41 gm.; liver infusion broth, 1,000 
ml. prepared as follows: pure ground beef liver (free of fascia and fat), 1 part; distilled 
water, 4 parts; pH adjusted to pH 7.2 before sterilizing. Brain heart infusion ascitic fluid: 
Bacto brain heart infusion (Difco), 5 ml.; and human ascitic fluid, 0.5 ml. added aseptically 
to BHI at 40°C. Extract broth: Bacto peptone (Difco), 1 gm.; Bacto beef extract (Difco). 
0.3 gm.; sodium chloride, 0.5 gm.; and distilled water, 100 ml.; pH adjusted to pH 7.0. 
Extract agar: Extract broth, 100 ml.; and agar agar, 1.5 gm. Blood agar: Bacto proteose 
No. 3 agar (Difco), 9.0 gm.; agar agar, 0.5 gm.; distilled water, 100 ml.; and human oxalated 
blood to give a final concentration of 15 per cent. The blood was oxalated with a solution 
of 1.2 per cent ammonium and 0.8 per cent potassium oxalate, 0.1 ml. being used for each 
1.0 ml. of blood. Dubos-Davis control medium was prepared according to the formula given 
by Fisher (15); and Corper-Cohn control medium (12) was prepared exactly as described by 
the authors, with the exception that the medium was sterilized by autoclaving at 16 pounds 
for ninety minutes in a steam-air mixture instead of by inspissation. Léffler medium was 
treated in the same manner. Al! of the other media were sterilized for fifteen minutes at 
17 pounds’ pressure (121°C.). 

To obtain dispersed growth, tubes of Dubos-Davis liquid medium were inoculated with 
the various organisms and incubated for fourteen days at 37°C. The turbidity of the cul- 
tures was adjusted to the No. 5 tube of the McFarland (16) nephelometer stand- 
ard (1,500,000,000 organisms per ml.), and 0.1 ml. amounts (150,000,000 organisms) were 
used for inoculation. All washed organisms were prepared by centrifuging the tubes of 
Dubos-Davis medium, decanting the supernatant fluids, and washing the bacterial sedi- 
ments three times with 0.85 per cent sodium chloride solution. Following inoculation, the 
tubes of solid media were incubated in an inclined position for the first six days, after 
which they were placed in the vertical position. The tubes were incubated at 37°C. and ob- 
served daily under bright light. The day growth first appeared was recorded numerically. 
After six weeks’ incubation the final degree of growth was indicated from plus to 4 plus. 
All media were checked for sterility prior to use. 


EXPERIMENTAL 


The initial experiments were designed to ascertain the general cultural char- 
acteristics of the chromogenic organisms and to compare them with standard 
strains of M. tuberculosis. For this purpose cultures of 22 chromogens and 3 
tubercle bacilli were planted on 13 arbitrarily selected media. The results pre- 
sented in table 1 have been arranged beginning with the least nutritive medium 
and the poorest growing strain. It may be seen from the data in the table that 
the chromogenic organisms differed markedly in their growth requirements and 
in general resembled tubercle bacilli. Strain W-3 was the most selective, whereas 
M-6 grew readily on all of the media. The other strains varied between these 
two extremes. All of the organisms grew in the Dubos-Davis and on the Corper- 
Cohn media, but most luxuriantly on the latter. Tryptose agar, blood agar base, 
Bordet-Gengou agar base, extract agar, and blood agar also supported growth 
well. Such enriched media as Léffler, liver tryptose agar, and brain heart in- 
fusion broth ascitic fluid were inferior to extract agar. Léffler medium, surpris- 
ingly, was the poorest of all of those tested, and supported the growth of only 


TABLE 1 
Growrtn or 25 Actp-rast OnGanisms on 13 Dirrerent Mepia to Inpicate Tae Day Growta Was Finst 


Oxsserveo, Toe Deores or Growrs, 
AND Pioment Formation 


| 6+4 


4+ 


18+ 
| 
21+ 
16+ 
12+ 
74+44+4C 


8+4 


CAFB & chromogenic acid-fast bacilli. 


0+444C 


32+ 
32+ 
334 


124 

11+ 
44444C 


134 
15+ 
13+ 
134 
16+ 
164440 


13+ 
3+ 


9+ | 12440 
9+ | 124++4-+ 
34 3+ 
| 6+4+44+C 


30+ 
28+ 
30+ 
25+ 
fo+ 


944+4+4C 


5++++C 


5++++C 6++C 


TB «= tubercle bacilli (M. tuberculosis: BCG = var. bovis; H37Ra = var. hominis; H37Rv = var. hominis). 


C = media showing chromogenic colonies. 
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| 74 

| 35+ 
8+ 
6+ 
2+44++ 
34++4+4C 


4+++4+C 


b+444C 


13+ 

16+ 
2++ 
3++ 


74+4++C 


44444 


H37Ra 


12++ 

11+ 

17+ 
6++ 
7++ 
6++++ 


19+ 
25+ 
25+ 
21+ 
B+ ++ 
13+ 
+++ 
6++++ 


L =LAffler; L-TAg =liver tryptose agar; BHI +AF = brain heart infusion + human ascitic fluid; BHI = brain heart infusion; T = thioglycollate; E-B = extract broth; B-Ag = blood 
agar; E-Ag = extract agar; B-G = Bordet-Gengou agar base; B-A = blood agar base; T-Ag = tryptose agar; D-D = Dubos-Davis; C-C = Corper-Cohn. 

Numbers represent the day growth was first observed. 

Symbols + to +++-+ represent final degree of growth after six weeks at 37°C, 
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one chromogenic organism (M-6) and one tubercle bacillus (H37Rv). Pigment 
production was constant on Corper-Cohn but variable on the other media. 

The cultural characteristics of the chromogens, tubercle bacilli, and sapro- 
phytes are compared in table 2. It may be seen that the saprophytes‘ grew on 
all media more rapidly and luxuriantly than any of the other organisms. An 
additional feature was consistent and heavy pellicle formation in all of the liquid 
media except Dubos-Davis. In contrast, only one chromogen (S-5) exhibited 
a slight pellicle in the brain heart infusion medium. Pellicle formation was not 
observed in either liquid medium with the H37Rv strain. Pigment production 
was the same as in the previous experiment with the exception of strain S-9 
which at this time formed pigment on tryptose agar. The results in table 2 
again indicate that the chromogens appear distinct in their manner, rate, and 
degree of growth from the saprophytes and in this respect resemble tubercle 
bacilli. 

The observation that so many of the chromogenic organisms and tubercle 
bacilli could develop on such a variety of media was unexpected. Theoretically, 
the data could be explained on the ground that the original inoculum (0.1 ml.) 
carried over a sufficient amount of Dubos-Davis medium to initiate growth. To 
exclude this factor, the last experiment was repeated in duplicate, omitting 3 of 
the saprophytic strains. In the first part, the procedure was identical with the one 
used previously. In the second part, however, the organisms from the Dubos- 
Davis medium were washed three times and brought back to the standard 
turbidity prior to inoculation. From the data recorded in table 3, it may be seen 
that washing the organisms did not significantly alter the results. In fact, the 
Dubos-Davis medium may have even exerted an inhibitory effect since strains 
8-7 and 8-9 grew on several of the media which had previously proved inade- 
quate. 

DISCUSSION 


It is of interest that tubercle bacilli are not as restricted in their growth re- 
quirements as is generally believed since strain BCG grew on tryptose agar in as 
short a period as two days, H37Ra on the same medium was first detected in 6 
days, and H37Rv developed on blood agar in eight days*. The over-all pattern 
in table 1 is not necessarily a valid measure of the growth-supporting qualities 
of the media for any of the organisms. It is necessary to consider that a large 
inoculum was used (approximately 150,000,000 organisms). It is well known 
that the number of organisms is a limiting factor for growth, and the inoculum 
in these experiments was much greater than those usually employed in the critical 
evaluation of culture media (12, 17). 

‘On Corper-Cohn medium, the M. phlei strains form rough, orange colonies, while the 
M. smegmatis and M. butyricum strains form rough, white to slightly yellowish-white 
colonies. 

5 An extension of this observation has shown that human blood incorporated into various 
dehydrated basal media serves as a simple and efficient medium for the cultivation of . 
tuberculosis and for the determination of sensitivity of this organism to streptomycin 
(17, 26, 27). 
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The isolation of an acid-fast bacillus from tissues, regardless of its source, 
must be carefully evaluated so as to avoid the pitfall of ascribing etiologic sig- 
nificance to an organism which actually may have nothing to do with the path- 
ologic process. This must of necessity include a consideration of the frequency 
of isolation of the same organism, an appreciation of the ubiquity of the sapro- 
phytic Mycobacteria, and the possible variations among the acid-fast bacilli 
in cultural work. 

While the methods of classifying tubercle bacilli are fairly clear-cut, the identi- 
fication of even this group of organisms is not always easy since atypical strains 
which show considerable variation in normal cultural behavior are encountered 
from time to time (18-22). Efforts to differentiate the saprophytic acid-fast 
bacilli have been made (23, 24, 25) and some useful information obtained. The 
problem of classifying the saprophytic acid-fast organisms and strains other than 
tubercle bacilli, however, is complicated by the great heterogeneity which exists 
among these groups regarding individual and colony morphology, staining 
reaction, chemical composition, metabolic activity, antigenic structure, serologic 
specificity, and pathogenicity. Further, since it has been difficult to determine 
which of the characteristics of these species are stable and which are variable, 
depending upon environmental influences, any of the above criteria which may 
be used in an attempt at classification would be open to question (5, 28). There- 
fore, it should be recognized that cultural methods for the differentiation of 
Mycobacteria are subject to certain limitations, and it is necessary to resort to 
other criteria before a definitive identification can be made. At times atypical 
organisms are encountered which are impossible to classify. 

A number of strains resembling those herein reported have been described in 
the literature (1-8, 18-20, 22-25, 28-35). Comparison of the present observa- 
tions with these data are difficult due to variations in technique. Pinner’s or- 
ganisms (5, 32) differed from those of the present writers in that a number formed 
white pigment, some produced pellicles in glycerin-broth, and most were readily 
emulsified in water or saline. Schwabacher’s organisms (28) grew well in plain 
broth, formed thin smooth pellicles, and were easily emulsified. Thomson (23), 
Gordon (24), Gordon and Hagan (25), Daines and Austin (33, 34) and others 
(1+4, 6-8, 18-20, 22, 29-31, 35) described a number of organisms from human, 
animal, and other sources, but their data did not permit comparison with the 
strains of the present study. 

Some of the chromogens studied in this investigation exhibited characteristics 
which might prove helpful in identifying these organisms from other Myco- 
bacteria. No attempt is made here to present critical criteria for classification. 
The purpose is merely a general comparison of some of the principal character- 
istics of the chromogens, based upon the findings of these studies, with a few 
mammalian and saprophytic Mycobacteria, since these are the types of acid-fast 
bacilli most commonly isolated from human sources. In the differentiation of 
strains, colony morphology and pigmentation could be used to a limited extent 
by the study of growth of Corper-Cohn glycerin-egg or similar standard media 
for the growth of /. tuberculosis. Thus, if a slow-growing, rough, warty, coarsely 
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granular, friable, creamy or grayish-white colony were encountered, the pre- 
sumptive evidence would be strongly in favor of the organism’s being a tubercle 
bacillus. If a slow-growing, smooth, convex, tenacious, intensely yellow or orange 
colony was isolated, the evidence would point in the direction of one of the chro- 
mogens. Similarly, a rapidly growing, rough, somewhat flattened, coarsely 
granular, friable, brick-red colony would suggest a saprophyte. Media such as 
Léffler and thioglycollate broth may prove helpful, for it will be noted from the 
data in table | that the former medium supported the growth of only one chromo- 
gen (M-6, the least selective strain) and one tubercle bacillus (H37Rv). The M-6 
strain required seven days for development and produced a moderate number 
of colonies after six weeks of incubation at 37°C.; whereas the H37Rv strain 
first showed evidence of multiplication after ninteen days and produced only 
several small colonies by the end of the experiment. The thioglycollate supported 
the growth of 9 chromogens, but these strains developed poorly in six to thirty- 
five days. After six weeks, 8 strains showed plus growth and 1 strain 2 plus 
growth. None of the tubercle bacilli were able to multiply in this medium. The 
saprophytic strains, however, grew rapidly and luxuriantly in both media in 
twenty-four to forty-eight hours, forming thick, wrinkled pellicles in thio- 
glycollate broth. Differentiation in these two media, therefore, might prove 
useful in segregating these organisms into their proper group provided a suffi- 
ciently representative number were studied. 


SUMMARY 


The cultural characteristics of 26 strains of chromogenic acid-fast bacilli 
isolated from patients with, or suspected of having, tuberculosis were determined. 
A general description of the properties of these organisms has been presented. 
It was found that the chromogens varied markedly in their growth requirements 
and, in general, resembled tubercle bacilli in that they grew best and most 
typically on standard media for culturing M. tuberculosis. Pigment produc- 
tion was constant on Corper-Cohn medium and variable on the others. Pellicle 
formation did not occur with any of the tubercle bacilli and was noted on only 
one occasion with a chromogenic strain. This was slight, smooth, and developed 
only after prolonged incubation at 37°C. In contrast, known saprophytic or- 
ganisms were nonselective and grew on all of the media rapidly and luxuriantly 
with heavy, wrinkled pellicle formation in liquid culture. Colony morphology, 
rate of growth, pigmentation, and pellicle formation were found sufficiently 
distinctive to prove helpful in the differentiation of these three groups of or- 
ganisms. 

SUMARIO 
Bacilos Acidorresistentes Cromégenos de Procedencia Humana:, 1. Estudios Culturales 


En este estudio determindronse las caracteristicas culturales de 26 cepas de bacilos 
Acidorresistentes cromégenos aislados de enfermos, ya tuberculosos 0 en que se sospechaba 
tuberculosis. Ofrécese una descripcién general de las propiedades de dichos microbios. 
Observése que los cromégenos discrepaban considerablemente en sus requisitos para el 
desarrollo y que, en general, se parecfan a los bacilos tuberculosos en que proliferaban 
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mejor y mds tipicamente en los medios corrientes de cultivo. La produccién de pigmento 
fué constante en el medio de Corper-John, variando en los demds. No hubo formacién de 
pelicula con ninguno de los bacilos tuberculosos, y sdlo se noté en una ocasién con una 
cepa cromdégena, siendo ligera, lisa y apareciendo sélo después de prolongada incubacién 
a 37° C. En contraposicién, los saprofitos no se mostraron selectivos, sino que proliferaron 
r4pida y exuberantemente en todos los medios, formando en los cultivos liquidos una 
pelfcula gruesa y arrugada. La morfologia de las colonias, la velocidad del crecimiento, la 
pigmentacién y la peliculogenia resultaron ser suficientemente distintivas para ayudar 
en la diferenciacién de dichos tres grupos de microbios. 


RESUME 
Bacilles acido-résistants de source humaine: I. Etude des cultures 


Las caractéristiques culturelles de 26 souches de bacilles acido-résistants chromogénes, 
isolées spécimens provenant de malades atteints ou présumés atteints de tuberculose, ont 
été déterminées. Une description générale des propriétés de ces microorganismes est pré- 
sentée. Les auteurs indiquent que les chromogénes variaient beaucoup quant aux conditions 
requises pour leur développement. En général, ils ressemblent au bacille de Koch en ce 
qui concerne leur développement et les caractéres particuliers des cultures, pour lesquelles 
les milieux de culture du bacille tuberculeux sont les plus favorables. La formation de 
pigment a été constante dans le milieu Corper-Cohn et variable dans les autres. La forma- 
tion de pellicule ne s’est produite avec aucun des bacilles tuberculeux et, avec une souche 
chromogéne, elle n’a été observée qu’une seule fois. Cette pellicule mince et lisse ne 
s’est développée qu’au bout d’une période d’incubation prolongée A 37° C. Au contraire, 
les microorganismes saprophytes poussaient indifféremment sur tous les milieux, en formant 
rapidement d’abondantes colonies ayant l’aspect de pellicules épaisses et ridées sur les 
milieux liquides. La morphologie des colonies, la vitesse de la croissance, la pigmentation 
et la formation de pellicules ont été trouvées suffisamment caractéristiques pour étre 
utilisées dans la différenciation de ces trois groupes de microorganismes. 
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INTRODUCTION 


In a previous paper (1), the cultural characteristics of 26 strains of certain 
chromogenic acid-fast bacilli isolated from patients with, or suspected of having, 
tuberculosis were reported. The present study was undertaken to investigate the 
pathogenic potentialities of these organisms. 


METHODS 

All strains were tested for pathogenicity in guinea pigs, and, in addition, strains M-6, 
886, and H137Rv (control) were inoculated into rabbits and white Swiss mice. Young male 
animals were selected for study. The guinea pigs ranged in weight from 200 to 380 gm.; the 
rabbits, from 1,440 to 2,240 gm.; and the mice, from 10 to 17 gm. Almost all inoculations 
were made intraperitoneally and a few were given subcutaneously and intravenously. The 
inocula were standardized according to the wet weight quantitative method described by 
Corper and Cohn (2). Samples of all such preparations were cultured at the time of inocula- 
tion to check the viability of each strain. The animals were tuberculin tested prior to 
infection with 0.1 ml. of second-strength PPD (purified protein derivative containing 0.005 
mg. of tuberculin, Parke, Davis & Co., lot 489) and weighed weekly. 

Animals were autopsied and sections of tissues were removed aseptically, placed in 
sterile Petri dishes, minced, and portions were inoculated into tubes of Corper-Cohp (2) 
and Petragnani (3) media in an attempt to re-isolate the organisms. Smears of the lungs, 
livers, spleens, kidneys, and lesions were made, and portions of tissue were fixed in 10 per 
cent formalin for microscopic study. 


EXPERIMENTAL 
Effects of a Large Inoculum on Pathogenicity for Guinea Pigs 


A preliminary experiment was designed to screen the pathogenic potentialities 
of the organisms in guinea pigs. Twenty-six strains were used together with 3 
known saprophytic organisms (M. smegmatis-b, M. phlei-a, and M. butyricum) 
and 1 human virulent strain (H37Rv) as controls. A large intraperitoneal inocu- 
lum of 25 mg. of bacteria was arbitrarily selected, and surviving animals were 
sacrificed after eleven weeks. Rectal temperatures were taken on all animals 
prior to infection and subsequently on all those showing weight loss. 

The results of the experiment are presented in table 1. With an inoculum of 
25 mg. of bacteria, the strains were divided as follows: Group I (7 cultures), which 
produced death of the animals fourteen to thirty-one days following inoculation. 
Macroscopic lesions were demonstrable in all. Organisms usually were present 
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TABLE 1 
Summary or Parsoceniciry, Direct Smears or OrGANS AND LESIONS, AND CULTURES 
FROM Mixep Spectmens or Tuese Tissues rrom Guinea Pics Inrecrep 25 
MILLIGRAM INTRAPERITONEAL INocULA or 30 Srratns or Actp-Fast ORGANISMS 


STRAIN DE | LUNGS LIVER SPLEEN KIDNEYS LESIONS CULTURE 
Group I 
8-3 | - | 14 
M-6 | 15 + ++ | ++ + + 15 
8-9 23 | | — 
&S6 23 + + + - ++ | 19 
8-2 6 - + + ++ | 138 
$-1 31 + + + — +|- 
Group II 
6288 ++ +4+4++ ++ — | +++) 
8-7 + ++ | 
M-l + | — | + 21 
509 — — — — 
86 ~ | on 
Group III 
W-2 | NF | — 
7 | | -- NF | — 
98717 NF | — 
Controls 
M. smegmatis-b — | NF 
M. butyricum NF | — 
H37Rv 19 ++ ++ ++ | + ++ 16 


Group I = strains which produced death with macroscopic lesions. 

Group II = strains which did not produce death, but produced macroscopic lesions. 
Group III = strains which did not produce death or macroscopic lesions. 

DE = number of days after infection animals died. 

NF = no lesions found. 

Numbers in culture column represent the day growth was first observed. 

Symbols + to ++++ represent the degree of acid-fast bacilli found. 
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on direct smear and could be isolated by subculture of the tissues. Group 11 
(12 strains) failed to kill any of the guinea pigs throughout the duration of the 
experiment (eleven weeks) but did produce macroscopic lesions. Smears and cul- 
tures of tissues and lesions revealed organisms but to a lesser extent than in the 
animals inoculated with the Group I strains. Group 111 (7 strains) failed to pro- 


Fic. 1. Multiple abscess formation and other viseeral involvement in a guinea pig eleven 
weeks after intraperitoneal infection with 25 mg. of a strain of chromogenic acid-fast micro 
organisms (Strain 6288S 

\. Liver with large multiple abseesses which are chiefly extraparenchymal. Some ab 
scesses ean be seen beneath the capsule and a few deep within the liver substance 

B. Section of entire abdominal wall showing multiple abscesses, some of which are under 
the peritoneum and deeply imbedded in the muscle tissue. One portion is adherent to the 
liver as a result of the peritonitis. 

C. Lobes of lung separated to show the numerous gray ish-white plaques which suggest 
areas of scar tissue 

D. Large extraparenchymal abscess on under surface of right kidney 

I. Spleen and left kidney firmly adherent by thick fibrous adhesions. Note the enlarge 


ment of the spleen and the extent of the lesions. 


duce either death or macroscopic lesions, and in these animals smears and sub- 


cultures of the tissues were uniformly negative. 

The known saprophytic strains were incapable of producing death or lesions 
and did not survive in the tissues under the conditions of the experiment. The 
virulent H37Rv control strain, however, behaved in a typical manner. 
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2. Characteristic histopathology guined pigs following infection with 25 me. 
intraperitoneal inocula of chromogenie acid-fast bacilli 

\. Peritoneal abscess in guinea pig sacrificed eleven weeks following infection with Strain 
* (Group 11). Note involvement of striated musele by the inflammatory process. The 
thseess is surrounded by polymorphous granulation tissue 
B. Interstitial granuloma of lung in guinea pig sacrificed eleven weeks following infeetion 


with Strain S-7 (Group I Note central area of fibrosis surrounded by thiekened and 


Interstitial granulomata of lung in guinea pig sacrificed eleven weeks following 
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Macroscopic findings: The following gross pathologic changes were observed 
in the animals infected with Group J strains. Occasionally, at the site of inocula- 
tion, a small, nodular, indurated subcutaneous swelling formed which became 
palpable within one week. The nodule gradually increased in size and underwent. 
liquefaction with abscess formation. The lesion reached its height in approxi- 
mately two to three weeks, after which time it slowly regressed and began to 
heal. The regional lymph nodes often were palpable. Some were greatly enlarged 
and underwent suppuration. The above response occurred more frequently in 
those animals inoculated subcutaneously. 

The abdomen of the animal often was distended and contained a bloody, sero- 
sanguinous fluid. The pleural cavity was similarly involved. There was evidence 
of peritonitis. The viscera were invariably adherent to one another and separated 
with difficulty. A seropurulent exudate was present between the loops of the 
bowel. Throughout the peritoneal cavity were varying numbersof yellowish-white, 
firmly encapsulated nodules measuring 0.5 mm. to 3 cm. in diameter. These were 
smooth or irregular and varied in texture from very soft to very hard. On cut 
section the softer nodules were composed of thin fibrous capsules and contained 
fluid pus. Other nodules revealed a thicker somewhat caseous exudate surrounded 
by a dense capsule. Still others were composed almost entirely of a spongy, fibrous 
tissue with little or no exudate. The nodules were attached firmly to the peritoneal 
wall or occurred on, between, or in the various organs (figure 1). The omentum 
was always rolled up into a sausage-like mass as a result of the inflammatory 
process. At times sections of the bowel showed unusual contraction, portions 
being firmly adherent to the other organs by the adhesions and lesions previously 
described. Occasionally, small hemorrhagic areas were seen. 

Some of the livers presented small or large areas of light brown to yellowish- 
brown discoloration. Lesions were mainly limited to the capsular surface and 
consisted of varying numbers of nodules with adhesions to the adjacent viscera 
and peritoneum. Occasionally, within the parenchyma were a few small scattered 
yellowish-white nodules, approximately 1.0 to 5.0 mm. in diameter and similar 
to those already described. 

The spleen, either normal in size or showing varying degrees of enlargement, 


infection with Strain S-10 (Group IJ). Infiltration consists largely of epithelioid cells and 
lymphocytes. 

D. Perirenal abscess in guinea pig which expired in twenty-three days following infection 
with Strain S-9 (Group 1). This section shows an area of necrosis with abscess formation, 
the cellular composition of which is that of an acute inflammatory exudate. Immediately 
adjacent to the abscess is a zone of large pale epithelioid cells of the phagocytic type, which 
on fat stain reveal the presence of finely divided fat. This is in accord with their phagocytic 
activity and fine vacuolization. 

E. Intrahepatic abscess in guinea pig which expired in thirty-one days following in- 
fection with Strain S-1 (Group J). The abscess is surrounded by polymorphous granulation 
tissue. 

F. Granulomatous inflammation of spleen in guinea pig sacrificed eleven weeks following 
infection with Strain S-7 (Group I/). This section shows a diffuse epithelioid cell prolifera- 
tion with formation of numerous multinucleated giant cells. 
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was usually adherent to the stomach, kidney, and peritoneum. Nodules, when 
present, were capsular or subcapsular and only occasionally involved the par- 
enchyma. The organ was soft and friable; hemorrhagic areas were noted in some 
cases. 

The lungs were air-containing and showed varying degrees of edema and hyper- 
emia. Small yellowish-white parenchymal nodules were found in a few of the 
animals but the changes were not as marked as those seen in the liver and spleen. 
The kidneys were adherent to the neighboring organs but appeared normal on 
gross examination. 

Many of the lymph nodes were enlarged and showed suppuration. The super- 
ficial nodes at the site of inoculation, the deep inguinals, the lumbar, the mesen- 
teric, and portal nodes exhibited varying degrees of involvement. The pulmonary 
lymph nodes were not involved. 

The findings in the Group IT animals were essentially the same as those in 
Group I, with the following exceptions. Adhesions were more fibrous in character, 
and abdominal swelling with bloody ascites was found in only one animal. Liver 
discoloration and intestinal involvement were less prominent, and exudates were 
more purulent in character. Numerous nodules were seen but consisted chiefly 
of the latter two types described in the Group I guinea pigs. Weight loss and rectal 
temperatures did not serve as an index of the severity of the pathologic process. 

Microscopic findings: Histologic sections confirmed the gross findings. In the 
earlier stages of infection (Group I animals) the lesions consisted of heterogeneous 
granulomatous tissue in which epithelioid cells, macrophages, and atypical multi- 
nucleated giant cells were irregularly distributed, together with a few granulo- 
cytes and lymphocytes. Abscess formation was not yet prominent and occurred 
in only 2 animals. In the more advanced stages (Group IJ guinea pigs) most le- 
sions were characterized by areas of central necrosis and abscess formation sur- 
rounded by polymorphous granulation tissue often with unusual degrees of hy- 
peremia, a feature not distinctive of the true tuberculous granulomas. Most of 
these abscesses originated on the capsular surface of the organ rather than deep 
within the parenchyma. Other lesions showed evidence of healing, the granu- 
lation tissue being transformed into connective tissue which was chiefly hyaline 
and fibrous in character. 

A few small chronic-type interstitial granulomata were also found in one section 
of a macroscopically normal lung from an animal of Group III. Nothing note- 
worthy was present in the other guinea pigs of this group. 

In general, the lesions due to the chromogenic acid-fast bacilli may be described 
as benign suppurative inflammations which developed into nonspecific granulo- 
mata. They exhibited unusual cellular polymorphism, and the foreign-body type 
of reaction was often mixed with a subacute process resulting in subserosal ab- 
scess formation. Parenchymal involvement, whenever observed, was most marked 
in the spleen and liver. A few typical lesions are shown in figure 2. 


Effects of Smaller Inocula on Pathogenicity for Guinea Pigs 


Strains M-6 and 886 of Group I were selected for study and doses of 10.0, 
1.0, 0.1, and 0.01 mg. of bacteria were inoculated intraperitoneally into each of 
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TABLE 2 
Summary or Patrnocenicity, Direct SMEARS OF ORGANS AND LESIONS, AND CULTURES 
rroM Mixep Specimens or Tuese Tissues rrom Guinea Pics INFECTED WITH 
VaryInG INTRAPERITONEAL INocULA oF 4 Srrains or Actp-Fast ORGANISMS 
| | | | 


DOSAGE IN | | 
umssenans ANIMAL DE LUNGS LIVER | oe | KIDNEYS LESIONS CULTURE 


Strain M-6 
| | 


Strain 886 


| 


Strain H37Rv 


DE = number of days after infection animals died. 

NF = no lesions found. 

Numbers in culture column represent the day growth was first observed. 
Symbols + to +++ represent the degree of acid-fast bacilli found. 
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2 guinea pigs. The same 4 dosages of one saprophytic strain (M. smegmatis-b) 
and one human virulent strain (H37Rv) were inoculated into single animals as 
controls. Surviving guinea pigs were sacrificed after eight weeks. 

The findings in this experiment are presented in table 2 and are less striking 
than those in the previous experiment where 25 mg. doses were used. Only one 
animal died, and, surprisingly, the death occurred after a 1.0 mg. inoculum of 
Strain M-6. 

Macroscopic and microscopic findings: The most pronounced macroscopic le- 
sions were produced with the 10.0 and 1.0 mg. inocula, and, in general, were 
similar to, but less severe than, those observed in the previous experiment. Some 
of the animals infected with 1.0 mg. showed reactions equivalent to those with 
the 10.0 mg. inoculum. With the 0.1 and 0.01 mg. inocula, the only noteworthy 
finding was a moderate degree of omental thickening. A single tiny nodular lesion 
was found on the surface of the liver of an animal infected with 0.01 mg. of Strain 
886. It is of special interest that, regardless of inoculum size, no organisms were 
detected by direct smear or culture in any of the organs. Bacilli were found, how- 
ever, on direct smear in the lesions of 4 animals, but the microorganisms stained 
poorly and showed evidence of autolytic change. The only significant histologic 
finding was an occasional hepatic and splenic granuloma similar to that observed 
in both Groups I and IT guinea pigs of the preliminary experiment’. 

In contrast to the above findings, the H37Rv strain was recovered from the 
organs and lesions with the 10.0 mg.; and from lesions only, with the 0.1 and 0.01 


mg. inocula. Cultures positive for M. tuberculosis were obtained from 3 of 4 of the 
H37Rv control pigs; in these animals typical progressive tuberculosis was evi- 
dent. It is of interest that practically no macroscopic lesions were produced with 
0.1 mg. of this strain but massive infection followed the 0.01 mg. dose. No 
macroscopic lesions were found in any of the control animals infected with the 
known saprophytic organisms, nor were any organisms recovered from their 
tissues. 


Additional Studies in Guinea Pigs 


The above observations were extended to include 19 additional strains of 
chromogenic acid-fast bacilli, 3 saprophytes (MM. smegmatis-b, M. phlei-a, and M. 
butyricum), and one human virulent strain (H37Rv). These were inoculated in 
1.0 mg. intraperitoneal doses into single guinea pigs. All animals except the 
H37Rv control* survived the period of observation. The only noteworthy lesion 
at autopsy was thickening of the omentum, and organisms were not demonstrated 
on either direct smear or by culture. The saprophytic strains showed no lesions 
of any type and also could not be detected in the tissues. The H37Rv strain 
produced typical progressive tuberculosis, and organisms were obtained from all 
tissues except the kidneys. 


? Comparable results were obtained using the same strains, 1.0 mg. dosage, and the sub- 
cutaneous route of inoculation. 
* Died in twenty-seven days. 
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Studies in Mice and Rabbits 


Preliminary studies in white Swiss mice and rabbits indicated that a 1.0 mg. 
dose of Strains M-6 and 886 produced similar lesions both grossly and histologi- 
cally to those obtained in guinea pigs, and the organisms were demonstrated in 
the tissues by smear and culture. The extent of involvement, however, and the 
degree of reaction were generally less than those seen in the guinea pigs. The 
findings in mice were more striking than those in the rabbits, but this may well 
have been due to dosage in relation to body size. 


DISCUSSION 


Animal pathogenicity has always been considered the best criterion for identify- 
ing the various types of M ycobacteria. Corper (4) has called attention to the fact 
that as little as 0.000,001 mg. of tubercle bacilli can consistently produce progres- 
sive and fatal disease in guinea pigs within three months. The experiments de- 
scribed in this study were performed with considerably larger inocula of bacteria, 
namely, 0.01 to 25 mg. With such amounts the chromogenic group manifested 
pathogenic qualities not shared by the 3 saprophytes studied. Although the 
limits of inoculum size were not completely determined in this investigation, it 
would appear that the majority of chromogens of this type are potentially 
pathogenic (19 of 26) when given in 25 mg. amounts and, asshown by Pinner (5), 
in inocula of 10 mg. subcutaneously. Three strains were lethal for animals in 1 
mg. inocula and possibly less, although Pinner (5) was unable to produce lesions 
with this quantity of bacteria. 

From these data it seems unlikely that any of the chromogens would approach 
the virulence of tubercle bacilli. This property then could be utilized for identifi- 
cation purposes provided a large enough number of strains were carefully ex- 
amined. The type of pathology produced by the chromogens would be helpful 
also in the characterization of strains because of the atypical nature of the lesions 
which are clearly distinguishable from guinea pig tuberculosis. Furthermore, as 
the period between infection and necropsy increased, the chromogens could be 
detected in the tissues with increasing difficulty (5). Tubercle bacilli under the 
same conditions were readily found and cultured. Finally, with inocula of 1 to 25 
mg. of saprophytes given intraperitoneally, no evidence of disease was observed 
nor were organisms recovered on smear and culture. 

The last cited observation, however, does not exclude the possibility that other 
saprophytic strains can produce limited disease in animals. Schwabacher (6) 
demonstrated that saprophytic acid-fast bacilli in sufficient quantities, inoculated 
subcutaneously or intramuscularly into the thigh of guinea pigs, may produce a 
local lesion with regional lymph node enlargement from which acid-fast organisms 
can be recovered. Moreover, she showed that rabbits may be killed by intravenous 
inoculation of 10 mg. of either living or heat-killed organisms due, presumably, 
to toxic components rather than to multiplication in the tissues. Intraperitoneal 
infection of guinea pigs with saprophytes mixed with butter or mineral oil may 
produce extensive lesions which closely simulate those of tuberculosis. This 
observation has been made by others (7, 8). However, to what extent the pa- 
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thology is due to the organisms themselves has never been clearly defined. Other 
workers insist that the saprophytic bacilli can be clearly distinguished from 
tubercle bacilli because the lesions produced are more exudative than prolifera- 
tive, and there is less tendency to caseation and more to suppuration; granulo- 
cytes are more numerous than epithelioid cells; and typical giant cells with 
peripheral nuclei are rare (8). Overlapping, however, does occur and the patho- 
logic changes may be confusing. It is further emphasized that saprophytic organ- 
isms do not multiply in the tissues and for this reason true infection and progres- 
sive disease does not result. 

Other factors in dealing with the problem of pathogenicity are the reliability 
of the animal test itself and what criteria are essential for the diagnosis of tuber- 
culosis. This problem has been very well reviewed by Feldman and Magath (9) 
who emphasized that other infections, many of them spontaneous in origin, 
occasionally produce pathology in guinea pigs which more or less resembles 
tuberculosis. It was also pointed out that the failure to find acid-fast bacilli in 
such tuberculosis-like lesions is presumptive evidence that the disease is not 
tuberculosis. Moreover, in histologic diagnosis, too much reliance should not be 
placed on the cellular aspects of the lesions, such as the finding of the Langhans’ 
type of giant cell which apparently is not an essential or consistent part of the 
reaction. This cell may be present in normal tissues and is often found in infections 
other than tuberculosis. The presence or absence of acid-fast bacilli in the lesions, 
according to Feldman and Magath, was the most dependable criterion. The 
danger of placing too much emphasis on the presence of acid-fast bacilli in stained 
preparations of tissues in the absence of additional criteria has been emphasized 
by Thompson and Frobisher (10) and by Cooper and Petroff (11) who found 
organisms morphologically similar to tubercle bacilli in the lymph nodes of more 
than 30 per cent of normal guinea pigs. Another possible source of so-called 
spontaneous tuberculosis in guinea pigs was stressed by Sewall (12) who showed 
that it was possible for these animals to become infected by the ingestion of con- 
taminated food obtained from tuberculous patients and even from diseased 
caretakers. Pseudotuberculosis is another condition which must be kept in mind 
to avoid error in pathologic diagnosis. The anatomic similarity between the 
changes produced by this disease and those of tuberculosis has been pointed out 
by Reimann (13). 

As in the case of cultural techniques, differentiation of the Mycobacteria from 
the standpoint of pathogenicity also is often extremely difficult because of the 
necessity for qualifying the term “‘virulence”’ on the basis of strain characteristics, 
infective dose, route of inoculation, nutritional state of the animal, species’ sus- 
ceptibility or resistance, the time interval between infection and necropsy, and 
the other factors which must be considered. 

While the animal test is the most reliable method available for evaluating the 
pathogenic potentialities of tubercle bacilli and other Mycobacteria, it must not 
be forgotten that pathogenicity for the animal and for man may be quite different. 
It is, therefore, important to understand and appreciate the limitations of animal 
typing and the influences which operate to produce, among all the M ycobacteria, 
variations from their typical characteristics. 
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SUMMARY 


The pathogenic potentialities of 26 strains of chromogenic acid-fast bacilli 
isolated from patients with, or suspected of having, tuberculosis was determined 
in guinea pigs, white Swiss mice, and rabbits. Using an intraperitoneal inoculum 
of 25 mg. in guinea pigs, progressive fatal disease was produced by 7 of the 
strains. Gross and microscopic lesions were demonstrable with 12 additional 
cultures, and the remaining 7 showed little or no evidence of pathogenicity. With 
smaller inocula (10.0, 1.0, 0.1, and 0.01 mg.), the fatality rate and extent of lesions 
were greatly reduced and the organisms were less readily demonstrated in the 
tissues. 

These data were contrasted with similar observations, using saprophytic 
strains on the one hand and virulent tubercle bacilli (H37Rv strain) on the other. 
Even with as large an inoculum as 25 mg., the three saprophytes used failed to 
produce any lesions, and the organisms could not be detected by either smear or 
culture. The H37Rv strain was capable of initiating progressive disease in guinea 
pigs with as little an inoculum as 0.01 mg., and bacilli were usually demonstrable 
in the tissues. 

On the basis of the gross and histologic findings herein presented, the lesions 
produced by the chromogenic acid-fast bacilli were classified as tuberculoid in 
character and differed from true tuberculosis infection of the guinea pig in the 
following respects: (a) the involvement was primarily serosal rather than pa- 
renchymal; (b) in the earlier stages of infection the cellular response consisted 
of heterogeneous granulomatous tissue in which epithelioid cells, macrophages, 
and atypical multinucleated giant cells were predominant but typical tubercles 
were absent; (c) in the more advanced stages many of the lesions were character- 
ized by areas of central necrosis which undergo abscess formation; these were 
enclosed by polymorphous granulation tissue, often with unusual degrees of 
hyperemia, a feature which is not distinctive of tuberculosis; (d) the majority of 
strains did not produce progressive disease; instead, healing was manifested as 
polymorphous granulations which proceed to scar formation. Similar lesions were 
found in white Swiss mice and rabbits. 


SUMARIO 
Bacilos Acidorresistentes Cromégenos de Procedencia Humana: I1. Estudios Patolégicos 


Las potencialidades patégenas de 26 cepas de bacilos dcidorresistentes cromégenos 
aislados de enfermos tuberculosos o en que se sospechaba tuberculosis fueron determinadas 
en cobayos, ratones suizos blancos y conejos. Con una dosis intraperitoneal de 25 mg. 
en los cobayos, 7 de las cepas produjeron enfermedad evolutiva letal. Con otros 12 cultivos 
observaéronse lesiones macro- y microseépicas, mientras que los 7 restantes apenas revelaron 
© no revelaron signos de patogenicidad. Con dosis mds bajas (10.0, 1.0, 0.1 y 0.01 mg.) 
disminuyeron considerablemente el fndice de letalidad y la extensién de las lesiones y 
resulté menos facil encontrar los bacilos en los tejidos. Esos datos fueron comparados con 
observaciones semejantes en que se usaron, por un lado, cepas saprofitas, y por e! otro, 
bacilos tuberculosos virulentos (cepa H37Rv). Hasta con un inéculo de 25 mg., los tres 
saprofitos utilizados no produjeron la menor patologia, y tampoco pudieron descubrirse 
los microbios ni en frotes ni en cultivos. La cepa H37Rv se mostré capaz de iniciar en- 
fermedad evolutiva en los cobayos hasta con un inéculo de 0.01 mg., pudiendo por lo general 
descubrirse los bacilos en los tejidos. 
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A base de los hallazgos macroscépicos e histolégicos aqu{ presentados, las lesiones pro- 
ducidas por los bacilos d4cidorresistentes cromégenos fueron clasificadas como tubercu- 
loideas, descrepando de la verdadera tuberculosis del cobayo en los siguientes sentidos: 
(a) la invasién es primariamente serosa mds bien que parenquimética; (b) en las etapas 
tempranas de la infeccién la respuesta celular consiste en tejido granulomatoso heterogéneo 
en el cual predominan células epiteliodeas, macréfagos y atipicos gigantocitos multi- 
nucleares, pero no hay tipicos tubérculos; (c) en las etapas més avanzadas muchas de las 
lesiones caracterizanse por zonas de esfacelo central en que se forman abscesos, rodeadas 
a su vez las mismas por tejido poliforme de granulacién, acompafiado a menudo de hi- 
peremia inusitada, lo cual no es distintivo de la tuberculosis; (d) la mayorfa de las cepas 
no producen enfermedad evolutiva, sino que la curacién se traduce por granulaciones 
polimorfas que avanzan a la cicatrizacién. Lesiones similares fueron observadas en los 
ratones suizos blancos y en los conejos. 


RESUME 
Bacilles acido-résistants chromogénes de source humaine: II. Etude anatomo-pathologique 


Le potentiel pathogéne de 26 souches de bacilles acido-résistants chromogénes, isolées 
de spécimens provenant de malades tuberculeux ou présumée tuberculeux, a été déterminé 
chez le cobaye, la souris suisse blanche et le lapin. Chez le cobaye, une tuberculose évolu- 
tive mortelle a été provoquée par 7 de ces souches avec une dose intrapéritonéale de 25 
mg. Des lésions macro et microscopiques ont été produites avec 12 autres cultures. Les 7 
cultures restantes n’ont pas fait preuve d’un pouvoir pathogéne. Lorsque des doses plus 
faibles (10 mg., 1 mg., 0,1 mg. et 0,01 mg.) ont été utilisées, le taux de mortalité et l’étendue 
des lésions ont été trés diminués et les bacilles ont été difficilement recouvrés dans les 
spécimens. Ces données sont en opposition avec des observations similaires dans lesquelles 
on a utilisé, d’une part, ces souches saprophytes et, d’autre part, des bacilles tuberculeux 
virulents (H37Rv). Méme avec un inoculum important, atteignant 25 mg., aucun des trois 
saprophytes utilisés n’a déterminé de lésion et les bacilles n’ont pu étre décelés ni sur les 
lames ni dans les cultures. Avec un inoculum réduit, 0,01 mg., la souche H37Rv a été capable 
de déterminer une tuberculose évolutive chez le cobaye et les bacilles ont été habituellement 
visibles dans les spécimens. 

Se fondant sur les constatations macro et microscopiques exposées ci-dessus, les lésions 
produites par les bacilles acido-résistants chromogénes ont été class¢es comme ayant un 
caractére tuberculoide et différant de celles de la tuberculose véritable du cobaye par les 
caractéristiques suivantes: a) les lésions intéressent au premier chef la membrane séreuse 
plutét que le parenchyme; b) au stade de début de |’infection, la réaction cellulaire consiste 
en une production de tissu hétérogéne granulomateux dans lequel les cellules épithélioides, 
les macrophages et les cellules géantes multinuclées atypiques prédominent, mais sans 
que le tubercule-type soit présent; c) le stade le plus avancé des lésions est caractérisé 
par des aires de nécrose centrale avec formation d’abcés; celles-ci sont entourées d’un 
tissu de granulation polymorphe, qui présente souvent un degré d’hyperhémie marqué; 
ce phénoméne ne représente pas une des caractéristiques de la lésion tuberculeuse; d) la 
majorité des souches ne détermine pas |’affection évolutive, tout au contraire, la cicatrisa- 
tion des lésions se manifeste sous la forme de tissu de granulation, qui se transforme ultéri- 
eurement en tissue cicatritiel. Des lésions similaires ont été observées chez la souris 
suisse blanche. 
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INTRODUCTION 


In previous papers (1, 2), cultural and pathologic studies of 26 strains of chro- 
mogenic acid-fast bacilli isolated from patients with, or suspected of having, 
tuberculosis were reported. The present investigation was undertaken to deter- 
mine the allergenic capacity of these organisms. 


METHODS 


All strains were checked for their ability to sensitize guinea pigs to mammalian tu- 
berculin, and a number of others were tested using homologous and heterologous tuberculins 
and homologous bacterial suspensions. Young male animals were used, ranging in weight 
from 200 to 380 gm. Almost all inoculations were made intraperitoneally although a few 
were given subcutaneously. The inocula were prepared according to the wet-weight quanti- 
tative method described by Corper and Cohn (3) and were cultured at the time of injection 
to check the viability of each strain. Prior to infection the animals were tuberculin tested 
with 0.1 ml. of second-strength PPD (purified protein derivative containing 0.005 mg. of 
tuberculin, Parke, Davis & Co., lot 489)*. 

Experimental tuberculinst were prepared by growing the organisms in Youmans liquid 
medium (4) for six weeks at 37°C., centrifuging the cultures, and evaporating the su- 
pernatant fluids to one-half of their volumes in a 60°C. water bath. After evaporation, 
4 ml. amounts were placed in sterile vaccine vials and enough 5 per cent phenol, made up 
in 0.85 per cent sodium chloride, was added to each vial to give a final concentration of 0.5 
per cent. The remaining bacterial suspensions were washed three times with saline, diluted 
to 4 ml. volumes, and phenolized as above. A solution containing 0.85 per cent sodium 
chloride and 0.5 per cent phenol was prepared as a control. After sterilization, the tubercu- 
lins, bacterial suspensions, and control solution were kept refrigerated. An intracutaneous 
inoculum of 0.1 ml. of each preparation was used and final readings were made after forty- 
eight hours. All skin reactions were graded as follows. No attempts were made at exact 
quantitation. 

+ = reaction more than 5 mm. and not exceeding 10 mm. in diameter, 
showing some hyperemia and at least 5 mm. of definite induration. 
++ = reaction more than 10 mm. but not exceeding 20 mm. in diameter, with 
an area of hyperemia, and induration with or without necrosis. 
+++ = reaction exceeding 20 mm. in diameter with moderate to marked 
hyperemia and induration with or without necrosis. 
++++ = reaction exceeding 20 mm. in diameter with very marked hyperemia, 
induration, and necrosis. 


! From the Department of Bacteriology, University of Oregon Medical School, Portland, 
Oregon. 

? Present address: Tuberculosis Research Laboratory, Kennedy Veterans Administration 
Hospital, Memphis 15, Tennessee. 

* In previous experiments, first-strength PPD failed to elicit adequate skin reactions, 
and for this reason second-strength was used. 

‘ The term tuberculin as used here refers to bacterial extracts of all acid-fast organisms 
in addition to PPD. 
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The guinea pigs in this investigation were the same as those used in the pathologic stud- 
ies (2). 


EXPERIMENTAL 
Tuberculin Hypersensitivity Following a Large Inoculation 

A preliminary study was first done to determine if massive infection with any 
of the chromogenic acid-fast bacilli was capable of sensitizing the animals to 
mammalian tuberculin. For this purpose, 19 guinea pigs were tested with second- 
strength PPD eleven weeks after an intraperitoneal inoculation of 25 mg. of 
living chromogenic acid-fast bacilli. One animal died shortly after receiving the 
tuberculin, suggesting extreme sensitivity. The degree of reaction in 13 animals 
varied from plus to 2 plus, and the remaining 5 were anergic. A rough correlation 
was noted between the ability of the strains to produce lesions and the final 
tuberculin sensitivity. Among 7 animals without macroscopic lesions at autopsy, 
4 showed plus tuberculin reactions and 3 were negative. When lesions were 
present, the reactions were graded as 2 plus in 7, plus in 2, and negative in 2. 
The animals infected with similar amounts of M. smegmatis, M. phlei, and M. 
butyricum proved anergic. 


Tuberculin Hypersensitivity Following Smaller Inoculations of Chromogenic 
Acid-fast Bacilli 
For thisexperiment, 2 of the more pathogenic chromogenic strains (2), M-6 and 


886, were injected into pairs of guinea pigs using inocula of 10.0, 1.0, 0.1, and 
0.01 mg. Control animals were inoculated with the same amounts of a saprophytic 
strain (M. smegmatis-b) and a human virulent strain (H37Rv). The animals were 
then tested with PPD at weekly intervals for a period of eight weeks. 

The results of this experiment are shown in table 1. Cutaneous hypersensitivity 
was first manifested at the end of the third week by 2 animals given 10.0 and 0.1 
mg. of Strain M-6. In both animals, sensitivity increased slightly and was lost 
by the fourth week. Three additional guinea pigs showed transient reactions 
between the fifth and seventh weeks. The H37Rv control animals were anergic 
until the seventh week at which time a strong reaction was observed in the guinea 
pig which had received a 0.01 mg. inoculum. A control animal inoculated with M. 
smegmatis-b failed to show evidences of tuberculin hypersensitivity. In another 
experiment, guinea pigs infected subcutaneously with 1.0 mg. inocula of the same 
chromogenic organisms showed a similar degree of sensitivity which persisted 
for three and four weeks. ! 

These observations were extended to include 19 additional strains of chro- 
mogenic acid-fast bacilli injected intraperitoneally in 1.0 mg. of inocula. Weakly 
positive reactions to PPD were obtained in 8 of these animals on the second week 
following inoculation and disappeared thereafter. In all experiments the sapro- 
phytic strains were incapable of inducing an allergic response. 


Specificity of Tuberculins 
Since relatively few of the animals infected with chromogenic acid-fast bacilli 
developed cutaneous hypersensitivity to PPD despite the presence of large 
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numbers of lesions, it seemed advisable to test the guinea pigs against their 
homologous tuberculins and some heterologous ones as well. The same animals 
were also given the homologous bacterial sediments from which the tuberculins 


TABLE 1 


Recorp or Puririep Protein Derivative (PPD) Tusercutin Reactions oN GUINEA 
Pics Inrecrep with VARYING INTRAPERITONEAL Doses or 4 Acip-Fast ORGANISMS 


TUBERCULIN REACTIONS—WEEKS AFTER INFECTION 
ANIMAL 
2 3 4 5 | 6 


Strain M-6 


INOCULUM IN 
MILLIGRAMS 


+ 


| 
| 


1 
2 
1 
2 
1 
2 
1 
2 


Strain H37Rv 


| 


E? 

= | +++ +++ 


Strain M. 


E = expired; E' = 33 days; E*:* = 32 days. 
Symbols + to ++++ represent the degree of reaction. 


had been removed. For purposes of clarity the following terminology has been 
adopted: PPD (purified protein derivative), H37Rv (human), CAF (chromogenic 
acid-fast) tuberculins, and CAF (chromogenic acid-fast) bacilli, either 
homologous or heterologous. 


| 0.1 |- | | 
+ | + | ++ 
Strain 886 
fad] | 
1.0 | 
| 0.01 | 
1.0 2 
0.1 3 — + 
10.0 
1.0 2 
0.01 4 -|-|-|- | 


TABLE 2 
Or HomoLoGcous TUBERCULINS AND BACTERIAL SUSPENSIONS ON PurRiFIED Prorein Derivative (PPD)-NeGative - Positive 
GuINeEA Pics INrecrep with 1 Mitticram INrRAreRITONEAL Doses or 17 Acip-Fast ORGANISMS 


TUBERCULIN REACTIONS —~WEEKS AFTER INFECTION 


INFECTION WITH 
STRAIN 


Group Il 


+ 


Group III 


n 
= 
~ 
> 
= 
= 
= 
= 
- 
= 
' 
= 
+ 
< 


CHROMOGENIC 


Group Il = strains which do not produce death but produce macroscopic lesions. 

Group III = strains which do not produce death or macroscopic lesions. 

P = PPD tuberculin reactions at weekly intervals; C = saline-phenol control; T = CAF and H37Rv homologous tuberculins; BS = 
CAF and H37Rv homologous bacterial suspensions; EF! = diel on twenty seventh day. 

Symbols + to +++ represent the degree of reaction. 
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Fie. 1. Reactions to homologous tubereulins and bacterial suspensions in guineas pigs 
at the end of the fifth week following intraperitoneal inoculation of 1 mg. of 2 strains of 


chromogenic acid-fast organisms. 
I. Animal infected with Strain S 


7: A = saline-phenol control; B = CAF homologous 
tuberculin, +++ reaction; C = CAF homologous bacterial suspension, +++ reaction 
with slight beginning necrosis 

Il. Animal infected with Strain 8-4: A = ealine-phenol control: B = CAF homologous 
tuberculin, ++ reaction; C = CAF homologous bacterial suspension, +++ reaction with 
slight beginning necrosis 


The circles indicate the extent of induration and hyperemia. 
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In the following experiment the effects of CAF and H37Rv homologous 
tuberculins and bacterial suspensions were determined on guinea pigs infected 
with chromogenic acid-fast organisms and the H37Rv strain of the human 
tubercle bacillus. The preparations were tested weekly for six weeks in 17 guinea 
pigs infected with 1.0 mg. doses by the intraperitoneal route. 

From the data presented in table 2 it may be seen that the first evidence of 
cutaneous hypersensitivity was obtained with a bacterial suspension at the end 
of the first week in the animal infected with the M-3 chromogenic strain. There- 
after, sensitivity to the bacterial suspensions increased with time, and by the end 
of five weeks all the animals, with the exception of W-1, reacted. The CAF 
homologous tuberculins were next in order of activity and parallelled the bacterial 
suspensions at the end of five weeks. Despite these allergic manifestations, PPD 
tuberculin elicited fewer positive reactions than either of the homologous test 


TABLE 3 
Errects or TuBERCULINS ON PuRIFIED Protein Derivative (PPD) Tu- 
BERCULIN-NEGATIVE AND-PositivE GuINEA Six AND SEvEN Weeks AFTeR IN- 
TRAPERITONEAL INOCULATION WITH 10 MILLIGRAMS OF CHROMOGENIC AcID-Fast 
BaciLui 


TUBERCULIN REACTIONS—WEEES AFTER INFECTION 


P | T 


+ -- 


P = PPD tuberculin reactions after infection; C = saline-phenol control; T = CAF 
homologous tuberculin; Symbols + to +++-+ represent the degree of reaction. 


agents, and the greatest number of responses occurred after two weeks. It should 
also be noted that the H37Rv control animal remained completely anergic and 
died at the end of four weeks. Sensitivity to the same or different reagents was 
variable throughout the entire experiment. The types of reactions obtained at the 
end of five weeks in 2 animals infected with Strains S-4 and 8-7 are illustrated 
in figure 1. 

The effect of homologous CAF tuberculins was next determined in guinea pigs 
which had received a 10.0 mg. inoculum of Strains M-6 and 886 six and seven 
weeks previously. These data are shown in table 3 where it can be seen that both 
animals showed more marked reactions to the homologous tuberculins than 
to PPD. 

The following experiment was done to compare the effects of the H37Rv 
homologous and CAF heterologous tuberculins on PPD tuberculin-negative and 
-positive guinea pigs infected with the H37Rv strain of the human tubercle 
bacillus. The findings recorded in table 4 emphasize the fact that guinea pigs 
infected with virulent human bacilli respond to tuberculins derived from a 


WITH STRAIN | 6 
| ++ | — | +444 | 
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number of the chromogenic acid-fast strains, the degree of reactivity being deter- 
mined by the allergic state of the animal. 

In the following experiment, 12 guinea pigs were infected with 1.0 mg. intra- 
peritoneal inocula of chromogenic organisms and then cross-tested with 12 
tuberculins at the end of seven weeks. From the data presented in table 5 it may 


TABLE 4 
Errects or Homo.tocous anp TusercuLiIns ON PuRiFieD PROTEIN 
Derivative (PPD) TusercuLin-NEGATIVE AND -Positive GuINEA Pics Four Weeks 
Arter INTRAPERITONEAL INOCULATION wiTH 0.1 AND 0.01 MILLIGRAMS OF A VIRULENT 
Srrain or Human 


PPD-posrrive (+++) 
GUINEA PIG 


i+? + 


Group II = strains which do not produce death but produce macroscopic lesions. 
Group IIT = strains which do not produce death or macroscopic lesions. 

C = saline-phenol control. 

Tuberculin-negative guinea pig inoculated with 0.1 mg. of the H37Rv strain. 
Tuberculin-positive guinea pig inoculated with 0.01 mg. of the H37Rv strain. 
Symbols + to ++ represent the degree of reaction. 


be seen that most of the strains were not only capable of producing reactions to 
their homologous tuberculins, but to many of the heterologous ones as well. Cross- 
sensitization was definitely evident. Two animals infected with Strains S-5 and 
886 were anergic. In the remaining guinea pigs the degree of sensitivity to the 
homologous tuberculins was no greater than to the heterologous ones. Neverthe- 


Group II 
++ 
Group III 
+ 
+ 
H37Rv...... 


CHROMOGENIC ACID-FAST BACILLI FROM HUMAN SOURCES 309 


less, a certain degree of specificity was suggested both by the failure of a given 
tuberculin to elicit a response in all sensitized animals and also by the failure of a 
given animal to react to all of the tuberculins. 


TABLE 5 
Errects or HomoLocovus anp HETEROLOGOUS TuBERCULINS (CROsS-SENSITIZATION) ON 
PuriFiep Protein Derivative (PPD) anp Curomogenic Acip-Fast (CAF) TuBER- 
CULIN-NEGATIVE AND -Positive Pics SEvEN WeEKs AFTER INTRAPERITONEAL 
INOCULATION WITH 1 MILLIGRAM oF BactLur (12 DirreReENtT Srrains or Acip-Fast 
ORGANISMS) 


+++i/tt+1 


++ 
+++! 


+ 
(++ 
+ |(+) 


+++ 1 T+4+4+4 


1+] 
+ 


~ 


+ + 


+ +. + 
+++] 


+41 


++ | 
++ | 


P = PPD tuberculin reaction at the end of the seventh week of infection; C = saline- 
phenol control. 

The results of homologous tuberculins are indicated in parentheses. 

Symbols + to +++-+ represent the degree of reaction. 


DISCUSSION 


The data indicate that the chromogenic organisms of the type described appear 
to share an immunologic relationship with the mammalian tubercle bacilli as 
judged by cross-sensitization experiments. There is also some evidence that they 
contain complex specific allergic components of their own. The significance of 
these observations hinges upon the whole question of the specificity of tuberculin 
hypersensitivity in experimental animals. Petroff (5) showed that large enough 
doses of heat-killed bacilli could establish an allergic state. Baldwin (6) demon- 
strated that slight and transitory hypersensitivity to tuberculin could be pro- 
duced by repeated inoculations of tubercle bacilli proteins, but water extracts of 
the saprophytic timothy bacillus (M. phlei) failed to elicit reactions in guinea 
pigs infected with the human strains. Long (7), referring to the work of Krause (8) 
and Baldwin (6) on cross-sensitization and skin allergy, pointed out that their 
experiments indicated that tuberculous animals are hypersensitive to extracts of 
various nonpathogenic acid-fast bacilli and, conversely, that guinea pigs infected 
with the avirulent strains respond to tuberculin in the same manner. In his own 
work he observed that extracts of acid-fast turtle bacilli could elicit an allergic 
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response, though mild, in guinea pigs infected with human strains. In a later 
study with acid-fast bacilli, Long and Seyfarth (9) noted that extracts from the 
frog, grass, and smegma M ycobacteria were also capable of inducing allergic re- 
actions in tuberculous guinea pigs. Elder and Lee (10) succeeded in producing 
local lesions in cattle with the avian tubercle bacillus, and they reported that 
these animals were able to react to mammalian tuberculin. Calmette (11) showed 
that inoculations of extracts of paratubercle bacilli in both tuberculous men 
and animals gave local and febrile reactions similar to those produced with 
tuberculin. In an effort to determine the causes for tuberculin sensitivity in non- 
tuberculous cattle, Crawford (12) demonstrated that the timothy grass, the mist, 
and hog-skin Mycobacteria isolated from lesions of these animals could elicit 
definite tuberculin sensitivity. Since the reactions to mammalian tuberculin were 
usually atypical, he felt that this suggested a group rather than a specific mam- 
malian-tubercle bacillus allergy. Skin hypersensitiveness has been described even 
in cattle with no macroscopic lesions and is thought to result from ingestion of 
organisms. Van Es (13), Frey and Hagan (14), Daines and Austin (15, 16), and 
Branch (17) have reported similar studies. It would seem, therefore, that 
tuberculin sensitivity is not always correlated with pathogenicity, and that 
widely different acid-fast organisms show antigenic components in common. 

From the data presented, it can be seen that tuberculin sensitivity may prove 
sufficiently distinctive to be of some value in the differentiation of tubercle bacilli, 
chromogens, and saprophytic Mycobacteria. Under defined experimental con- 
ditions a number of chromogens can sensitize guinea pigs to mammalian tuberculin 
(PPD), but the reactions for the most part are slight and transient in character. 
Homologous tuberculins, in general, give more marked and persistent reactions 
than do heterologous ones. Under the conditions of these studies and with inocula 
of 1 to 25 mg. of bacilli injected intraperitoneally, none of the saprophytic 
organisms was able to sensitize guinea pigs to mammalian tuberculin (PPD). 
Thus, if a culturally typical tubercle bacillus, chromogen, or saprophyte were 
encountered and inoculated intraperitoneally into guinea pigs which were later 
tested with PPD and the homologous tuberculin, it should be possible to gain 
additional presumptive evidence of the type of organism concerned. 

In regard to the nature of the chromogens, a number of workers believe that 
some strains at least bear a genetic relation to tubercle bacilli. The reports of 
Miller (18), Griffith (19), Pinner (20), Larmola (21), and others lend support to 
the concept that certain chromogenic strains may be variants of human tubercle 
bacilli which have developed from environmental influences. Pinner (20) re- 
ported the isolation of 4 white, smooth acid-fast strains which he thought were 
relatively avirulent variants of human tubercle bacilli. By serial animal passage, 
3 of these were transformed into rough growing organisms which behaved entirely 
like stable human strains. Alexander (22, 23), using a blood medium, was able to 
dissociate both human and avian tubercle bacilli into rough and smooth variants 
which differed distinctly from each other pathologically. Larmola (21) examined 
the staining, morphologic, cultural, and pathologic properties of a number of 
typical and atypical tubercle bacilli isolated from patients and also from sewage, 
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water tanks, and forest ditches in the vicinity of a tuberculosis hospital. He con- 
cluded that these characteristics were subject to all degrees of variation. 

The present writers have observed that the standard H37Rv strain of the 
human tubercle bacillus on Corper-Cohn (3) and Léwenstein (24) media de- 
veloped rough, warty, orange-colored variants which exhibited atypical staining 
and pathogenicity. Guinea pigs inoculated intraperitoneally with the chromogenic 
variant reacted strongly to both PPD and the homologous tuberculin. The first 
animal which survived the infection was sacrificed and autopsied at the end of 
ten weeks. On macroscopic examination all that was found were a few enlarged 
suppurating inguinal lymph nodes. Cultures of the pus revealed the same strain 
of microorganism that was inoculated into the first guinea pig. Organisms were 
absent from smears of the lungs, liver, spleen, and kidneys. The second animal, 
infected intraperitoneally with a heavy saline suspension of the purulent material 
from the first guinea pig, died at the end of seven weeks and showed typical 
progressive tuberculosis. Smears from the lesions and organs showed numerous 
acid-fast bacilli, and the colonies this time were almost identical with the parent 
H37Rv strain. They differed only in being somewhat darker grayish-white. 
Another saline suspension of pus taken from several of the lesions of the second 
animal was again inoculated intraperitoneally into a third animal which sur- 
vived for thirteen weeks. At autopsy a mild but typical tuberculosis was found, 
and again organisms were obtained on both smear and culture of the tissues and 
lesions. The colonies were identical with those isolated from the second animal. A 
similar observation has also been reported by Miller (18). 

The assumption of the variant concept does not appear untenable in view of 
the evidence regarding the many resultant effects of environmental influences on 
all M ycobacteria. For example, typical virulent human tubercle bacilli can become 
chromogenic if grown on a medium containing minute amounts of ferric citrate 
(25) or deeply colored bovine serum (26) or by altering the pH (27). A similar 
in vivo transformation is suggested by the reports of Pinner (28), Wenkle and 
associates (29), and Schiff and Tarshis (30) who noted that when chromogens 
were isolated from patients they were almost invariably in a clinically improved 
phase of their disease. In addition, the last-named writers (30) obtained 19 per 
cent more chromogenic acid-fast strains from patients during or after strepto- 
mycin therapy. 

The influence of antibiotics on bacterial variation has been stressed by others. 
Dienes (31) found that penicillin causes the production of ““L” forms of Strepto- 
bacillus moniliformis and the bacteroides. Graessle and Frost (32), Bellamy and 
Klimek (33), and Gale and Rodwell (34) have observed significant changes in 
morphology, staining, and metabolic activity for Staphylococci made resistant to 
penicillin and streptomycin in vitro. Voureka (35, 36) showed that profound 
morphologic and cultural alterations, including loss of virulence, may sometimes 
result in strains of E. coli and P. aeruginosa obtained from the urine of patients 
receiving chloramphenicol. When a strain of £. coli was treated with specific 
antiserum and chloramphenicol, alterations in morphology, sugar fermentations, 
resistance to inimical agents, and antigen structure could be induced. Yegian and 
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Budd (37, 38) described the heterogeneous character of streptomycin-dependent 
mutants obtained from strains of M ycobacteria and called attention to the possible 
role of bacterial inheritance in variation. 

Among the 26 strains of chromogenic acid-fast bacilli studied in the present 
investigations, 3 proved resistant to 20 y or more of streptomycin per ml. which 
suggests previous contact with the drug. Marshak (39) reported the differences 
in response of the H37Rv and H37Ra strains of the human tubercle bacillus to a 
number of metabolites and presented evidence of their differences by gene 
mutation. The effect of streptomycin and X-radiation on strains of Escherichia 
coli and the role of genetic mechanisms in variation have also been discussed by 
Tatum (40), Newcombe and Hawirko (41), and Lederberg (42). 

As may be seen, the possible mechanisms which operate to produce atypical or 
variant strains of tubercle bacilli and many of the basic factors favoring variation 
are not clearly understood. From the numerous studies reported during the last 
fifty years, it has become increasingly evident that for the M ycobacteria the dogma 
of monomorphism and stability can no longer be accepted. There is little doubt 
that dissociation can be accomplished with a large variety of acid-fast bacilli. In 
addition, all grades of pathogenicity are possible from single strains, depending 
upon the environmental and other factors which can be varied either experi- 
mentally or by chance. The true significance of these variants in relation to human 
and animal disease is even less clearly defined. In this connection one is impressed 
with the suggestive studies of L’Esperance (43, 44) who demonstrated that avian 


bacilli were nonpathogenic for the usual laboratory animals except the chicken 
and the rabbit. However, if resistant animals were first inoculated with dead 
human or bovine tubercle bacilli, they became susceptible to the avian strain. 
Finally, it is again emphasized that chromogenic acid-fast bacilli of the type 
described in these studies should not be discarded as purely saprophytic strains. 
Such organisms are deserving of study and may prove to be of significance in the 
pathogenesis of disease. 


SUMMARY 


The cutaneous reaction to tuberculin of guinea pigs infected with 26 strains of 
chromogenic acid-fast bacilli isolated from patients with, or suspected of having, 
tuberculosis has been studied. In general, most of the organisms were capable of 
weakly sensitizing animals to purified protein derivative (PPD), depending upon 
the size of the infecting inoculum, duration of infection, and ability to produce 
progressive disease. Under the same conditions, 3 strains of saprophytic acid-fast 
bacilli failed to induce sensitivity. 

As a result of these findings, crude tuberculins and bacterial suspensions were 
prepared and tested in guinea pigs infected both with the virulent H37Rv and 
chromogenic strains. It was found that bacterial and homologous tuberculin 
sensitivities appeared first and were maintained for at least six weeks; whereas 
PPD elicited few positive reactions and they were weaker and more transient in 
character. 

The results of ‘‘cross-sensitization” experiments indicate an immunologic rela- 
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tionship between human tubercle bacilli and the chromogenic acid-fast organisms. 
It appears that they not only share antigenic properties in common, but they 
may also have specific components of their own. 

On the basis of the experimental data, it would appear that the chromogens 
occupy a position midway between the mammalian and saprophytic groups of 
Mycobacteria and are deserving of further study. 


SUMARIO 


Bacilos Acidorresistentes Cromégenos de Procedencia H : IIT. Estudios 
de la Hipersensibilidad 

Este estudio versa sobre la respuesta alérgica de los cobayos infectados con 26 cepas 
de bacilos dcidorresistentes cromégenos aislados de enfermos tuberculosos o en que se 
sospechaba tuberculosis. En general, la mayor parte de los microbios se mostraron capaces 
de sensibilizar débilmente los animales al derivado protefnico purificado (DPP), conforme 
a la dosis, la duracién de la infeccién y la capacidad para provocar enfermedad evolutiva. 
En las mismas condiciones, 3 bacilos d4cidorresistentes saprofitos no evocaron sensibiliza- 
cién. 

A consecuencia de esos estudios, se prepararon tuberculinas crudas y suspensiones bac- 
terianas que fueron ensayadas en cobayos infectados tanto con la virulenta H37Rv como 
con cepas cromégenas. Observése que la sensibilizacién a las bacterias y a la tuberculina 
homdloga aparecfa primero y continuaba por lo menos seis semanas; en tanto que el DPP 
evocaba pocas reacciones positivas, y éstas eran mds debiles y pasajeras que las otras. 

Los resultados de los experimentos de sensibilizacién cruzada indican una relacién 
inmunoldgica entre los bacilos tuberculosos humanos y los 4cidorresistentes cromégenos, 
pareciendo que no tan sélo comparten propiedades antigénicas sino que también acaso 
posean componentes especificos propios. 

A base de los datos experimentales, parece que los cromégenos ocupan un puesto inter- 
medio entre los grupos mamfferos y saprofitos de las Mycobacteria, y son acreedores a 
nuevos estudios. 


RESUME 
Bacilles acido-résistants chromogénes de source humaine: IIT. Etudes sur l’hypersensibilité 


La réaction allergique de cobayes inoculés avec 26 souches de bacilles acido-résistants 
chromogénes, prélevées chez des malades tuberculeux ou présumés tuberculeux, a été 
étudiée. En général, la plupart de ces bacilles étaient susceptibles de provoquer chez |’ani- 
man une légére sensibilisation au PPD (dérivé protéique purifié), suivant la dose utilisée, 
la durée de l’inoculation et la capacité du bacille A déterminer la forme évolutive de la 
maladie. Dans les mémes conditions d’expérience 3 bacilles acido-résistants saprophytes 
n’ont pas provoqué l’hypersensibilité. 

A la suite de ces découvertes, des tuberculines brutes et des suspensions bactériennes 
furent préparées et expérimentées chez le cobaye inoculé a la fois avec la souche virulente 
H37Rv et avec les souches chromogénes. On a trouvé que l’hypersensibilité aux bactéries 
et A la tuberculine homologue se manifestait en premier, et qu’elle se poursuivait pendant 
un minimum de six semaines tandis que las réactions déterminées par le PPD étaient 
rares, plus faibles et d’une durée plus bréve. 

Les résultats de la sensibilisation croisée expérimentale indiquent une corrélation 
d’ordre immunologique entre le bacille tuberculeux de type humain et les bacilles acido- 
résistants chromogénes. I! semble que ces microorganismes, non seulement ont des pro- 
prietés antigéniques communes, mais qu’ils comportent également des constituants spé- 
cifiques individuels. 

Sur la base de ces données expérimentales, il semble que les chromogénes occupent une 
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position intermédiaire entre les mycobactéries du groupe saphrophytes et celles du groupe 
mammiféres et que leur étude mérite d’étre poursuivie. 
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STUDIES ON THE IN VITRO EFFECTS OF RADIOACTIVE I" LABELED 
3,5 DIIODO PAS ON THE TUBERCLE BACILLUS' 


IRVING KASS* 
(Received for publication June 7, 1951) 


INTRODUCTION 


Bernheim (1, 2) and Fitzgerald and Bernheim (3) found that such substances 
as the sodium salts of salicylic and benzoic acid markedly increase the oxygen 
uptake as well as the virulence of the tubercle bacillus. These observations were 
measured in the Warburg vessel and suggested the possibility that substances of 
similar chemical constitution might be important in the normal metabolism of 
M. tuberculosis. Lehmann (4) observed that PAS (para-aminosalicylic acid) 
entered into the metabolism of the tubercle bacillus but its structural difference, 
when compared with benzoic or salicylic acid, caused it to exert an inhibitory 
effect upon the virulence of the tubercle bacillus. The compound appeared to 
have an affinity only for the pathogenic strains. 

In 1943, Saz and his associates (5) evaluated the effect of aromatic iodine com- 
pounds upon the metabolism and virulence of the tubercle bacillus. He found 
that 2,3,5 triiodobenzoic acid and 3,5 diiodo 2 hydroxybenzoic acid in 5 mg. 
per cent concentrations effectively inhibited the in vitro growth of strains H37Rv 
and 

Drain, Goodacre, and Seymour (7) in 1949 found that 3,5, diiodo PAS had 
a tuberculostatic activity comparable to PAS and streptomycin. Moreover, in 
1948 Moore (6) had reported that he could detect with the Geiger-Mueller counter 
brain tumors in situ which retained radioactive diiodo fluorescein. The tumor 
volume usually exceeded 20 cm. and approached 40 cm. 

These studies suggested that a radioactive aromatic compound could be syn- 
thesized, which might be useful in studies of tuberculosis. The results of the in 
vitro studies using radioactive I" labeled 3 ,5, diiodo PAS on the tubercle bacillus 
are presented in this report. 


MATERIALS AND METHODS 


The experimental work is presented in two parts: (/) tuberculostatic activity 
and (2) uptake studies. 


The tubercle bacilli were grown in a liquid medium as a diffuse submerged growth. One 
drop of a bacterial emulsion containing 20 mg. of tubercle bacilli suspended in 10 em. of 
saline was added to a test tube containing 5 em. of broth. Difco experimental broth base 
15*72° was used.* The test tubes measured 15 by 125 mm. The strain used was a stock culture 


! The bacteriologic studies were done by Dr. K. T. Sasano, Director of Laboratory, Jew- 
ish Consumptive Relief Society Sanitorium, Spivak, Colorado. The compounds used were 
synthesized by Panray Corporation, New York, and Tracerlab, Inc., Boston. 

? Present address: 4500 Washington Street, Kansas City, Missouri. 

* Obtained through the courtesy of Difeo Laboratories, Inc. 
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of H37Sv‘ of constant virulence. Twelve tubes including a control were used in some of 
the experiments. The concentrations of the tested compounds ranged from 500 to 0.485 y 
per cm. of medium used. Each tube contained half the concentration of the previous tube. 
The tubes were incubated at 37°C. for seven days. The growth, if any, was in the form of 
diffuse turbidity. The degree was quantitated by eye into five groups: 0—no growth, 1— 
slight growth, 2—fair growth, 3—good growth, and 4—heavy growth. When the effective 
bacteriostatic range of the compound was known, the fo!lowing dilutions were used: 


TABLE 1 
Tue Procepure ror DeTeRMINING THE MINIMUM TUBERCULOSTATIC CONCENTRATIONS 


MICROGRAMS OF PAS | 2S | 1.25 | 0.625 | 0.312 | 0.156 | 0.078 | 0,039 | 


(ec.) 
1 GTT. H37Sv solution aie 1 
Difco medium 5 ce.... | 5 | § 
Results ; 0 0 


1 


0-no growth; 1-slight growth; 2-fair growth; 3-good growth; 4-heavy growth. 


The 3,5 diiodo PAS used in the experiment was prepared in the following manner: 


Preparation of Iodine Monochloride 


Thirty-three hundredths of a gram of iodine (0.0026 moles), approximately 2 mg. of so- 
dium iodide, and 2 mg. of sodium peroxide were mixed in a 50 cm. centrifuge tube, and 5 
em. of glacial acetic acid were added. Chlorine gas was slowly bubbled into this solution 
until the iodine color disappeared. The tube was shaken until more iodine dissolved and the 
color reappeared. The chlorine gas addition process was repeated until only a trace of solid 
iodine could be observed in the bottom of the tube. Care was taken not to use an excess of 
chlorine gas. 


Preparation of 3,5, Diiodo PAS 


In another 50 cm. centrifuge tube, a mixture of 0.22 gm. of PAS (0.0014 moles) in 4.5 cm. 
of glacial acetic acid was prepared. 

Immediately after the preparation of the iodine monochloride, the ICI] solution was 
poured into the tube containing the PAS in glacial acetic acid. This addition was carried 
out at room temperature, by shaking. Distilled water was added to the resulting solution 
until no further precipitation occurred (approximately 20 to 30 cm.) and any excess iodine 
was removed with a 10 per cent sodium bisulfite solution. 

The resulting white solid was thoroughly washed three times with distilled water by 
centrifuging and decanting. The washed precipitate was dissolved in a minimum amount 
of warm acetone and the diiodo PAS reprecipitated with distilled water (approximately 
30 cm.). 

The preparation was centrifuged, decanted, and the resulting white solid was dried in a 
vacuum desiccator. 

The twice recrystallized 3,5, diiodo PAS weighed 320 to 350 mg. (66.5 per cent of the 
theoretical amount based on the iodine used) and melted at 165° to 168°C. with decomposi- 
tion. Analysis for carbon and hydrogen showed 21.4 per cent carbon and 1.3 per cent hydro- 
gen. The theoretical amounts are 20.8 per cent carbon and 1.2 per cent hydrogen. 

The preparation of the radioactive I'*' labeled 3,5, diiodo PAS involved two changes in 


‘A strain originally obtained from H37 which has been maintained in Dr. Sasano’s 
laboratory where it has been determined to be virulent for guinea pigs by periodic inocula- 
tion. 
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the procedure as outlined. Radioactive chemistry precautions had to be used. The amount 
of I" used to make iodine monochloride was determined by specific activity and not by 
weight. Two millicuries of specific activity in 200 mg. of the synthesized compound were 
considered as adequate for the in vitro experiments. 


OBSERVATIONS 
Tuberculostatic Activity 

The following compounds were tested and the effective minimum tuberculo- 
static concentration was determined (table 2). The growth was evaluated ac- 
cording to the plan already described. As may be seen in table 2, potassium iodide 
failed to inhibit the growth of M. tuberculosis. A concentration of iodine greater 
than 500 y per cc. of medium was required for inhibition of the growth of the 
bacilli and, with 2,3,5,triiodobenzoic acid and 3,5 diiodo 2 hydroxybenzoic 
acid, concentrations greater than 25 y and 6.25y per cc., respectively, were re- 
quired for inhibition. Concentrations of 2.5 y of PAS and 3,5 diiodo PAS per 
cc. were required before the microbial growth was inhibited. 

Only one tube was used in the experiment evaluating the effectiveness of radio- 
active I. This contained one drop of bacterial emulsion and 5 cc. of medium 
to which radioactive I", containing a specific activity of 5.45 by 10~' millicuries, 
was added.* A four plus growth was observed after seven days of incubation at 
37°C. Radioactive I labeled 3,5 diiodo PAS was used in the last experiment. 
Serial dilutions were made as described in table 1. Every milligram of labeled 


diiodo PAS contained a specific activity of 1 by 10~ millicuries of radioactive 
I, As in the PAS and unlabeled diiodo PAS experiments, 2.5 y of labeled diiodo 
PAS per cc. was the minimum concentration required to inhibit the growth of 
M. tuberculosis. Since each milligram of labeled diiodo PAS contained a specific 
activity of 1 by 10-* millicuries, the total specific activity in 2.5 y of labeled 
compound was 2.5 by 10-* millicuries. A change in the morphology and ability 
to absorb stain was observed. 


Uptake Studies 

A heavy growth of the tubercle bacilli was obtained after ten days’ incubation 
in tubes containing 5 em. Difco medium. Ten milligrams of radioactive I'™ 
labeled 3,5, diiodo PAS with a specifie activity of 0.1 millicurie were added to 
two tubes containing the bacteria. One-tenth of a millicurie of I'*' was added to 
the other two tubes. Two tubes were used as controls. These were incubated for 
five days more and then autoclaved. The bacteria were centrifuged at 3,000 r.p.m. 
for twenty minutes and the supernatant fluid decanted. Distilled water was added 
to the tubes and the process repeated three times. The bacteria were then filtered 
through standard laboratory filter paper. They were washed on the filter paper 
until the filtrate contained no radioactivity as determined by the Geiger-Mueller 
counter. 


* Curie is the number of particles emitted per second by 1 gm. of pure radium element. 
This is usually 3.7 by 10° particles per second. A millicurie is 10-* curies. A microcurie is 
10-*° curies. 
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The bacteria exposed to I" and radioactive I labeled diiodo PAS, as well 
as the control, were resuspended and evaluated for uptake activity. One-half 


TABLE 2 


Tue Revative Minrtmum TuBercuLostatic CONCENTRATIONS OF IopINE, PAS, 
Raproactive PAS 


MINIMUM TUBERCULOSTATIC 
CONCENTRATION 


>500 micrograms (cc) 
. Potassium iodide No effective concentra- 


| >25 micrograms (cc) 


. 2,3,5 Triiodobenzoic | 
acid . 
| 


. 3,5 Diiodo 2 hydroxy | 
benzoic acid .. >6.25 micrograms (cc) 


>2.5 micrograms (cc) 


. *3,5 Diiodo PAS (Pan. 
ray) .. N >2.5 micrograms (cc) 


. 3,5 Diiodo PAS (Trac. 
erlab) . >2.5 micrograms (cc) 


. Radioactive iodine... .| Specific activity | 
| 5.45 X 10°' me 
not inhibitory 


. t Radioactive | 

labeled 3,5 diiodo | | 

PAS >2.5 micrograms with 
specific activity of | 
2.5 X 10°§ me (ec) 

* Sy nthesized by Panray Corporation, N. Y. 

¢ Synthesized by Tracerlab, Boston. 

Each 200 milligrams of PAS contained a specific activity of 2 millicuries of I'™. 


of the bacteria exposed to the labeled compound was studied to see if there were 
any comparable changes in the specific activity (table 3). 

It is to be noted that bacilli exposed to radioactive I*! after careful washings 
had a radioactivity of 1.9 disintegrations per second. This was the same as the 
control and represented no uptake of the radioactive compound by the bacilli. 
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M. tuberculosis exposed to radioactive I labeled 3 ,5 diiodo PAS had an average 
radioactivity of 3.4 disintegrations per second. The increase of 1.5 disintegrations 
per second over the background represented a positive uptake of the labeled 
compound by the bacilli. When the volume of bacteria was halved, there was a 
corresponding decrease in the radioactivity. The previously described inhibitory 
action of the labeled PAS preparation likewise suggests that the positive uptake 
findings are probably due to something more than surface contamination. 


TABLE 3 
Comparative Uptake Stupies in THe Tupercie Bacttivus Between I'™ anv 
Raproactive Lasevep 3,5 Diopo PAS 


COUNTS OF RADIOACTIVITY PER SECOND 


1. Control (background) pias 1.9 counts 
2. Bacilli exposed to I*' 1.9 counts 
3. Bacilli exposed to radioactive PAS 3.4 counts 


4. One-half the total bacilli used in 3 2.7 counts 


DISCUSSION 


The extreme sensitivity of detection by special apparatus and the unique 
specificity of artificial radio isotopes as tags have increased their value in identify- 
ing and evaluating many biologic activities. I" is particularly useful because the 
radiations emitted consist of beta and gamma rays. Beta particles represent a 
small negatively charged mass which is unable to penetrate tissue for a distance 
greater than one cm. without becoming deflected, whereas the penetrating ability 
of any gamma ray is inversely proportional to the density of the substance con- 
cerned. I'*' thus provides an excellent tracer with which to determine the course 
of any labeled compound. 

Saz and associates (5) found that 15 mg. per cent concentrations of potassium 
iodide had no effect on the growth of the tubercle bacillus. Woody and Avery (8) 
reported that potassium iodide had a marked potentiating effect on the action 
of streptomycin in tuberculous guinea pigs. Bavin (9), in a similar experiment, 
found that potassium iodide had no effect on the therapeutic action of PAS. 
The present experiments showed that neither iodine nor potassium iodide had 
any bacteriostatic effect. Saz and co-workers (5) determined that 2,3,5, tri- 
iodobenzoic acid (Eastman) and 3,5, diiodo-2-hydroxybenzoic acid (Eastman) 
in 5 mg. per cent concentrations had bacteriostatic activities that were 100 per 
cent and 83 per cent effective, respectively. The present experiments with the 
same compounds showed a similar bacteriostatic activity. PAS appeared to be 
the benzoic acid derivative with the most effective tuberculostatic properties. 
The effective minimum concentration was 2.5 y of PAS per cc. of medium. 
3,5, Diiodo PAS had a bacteriostatic activity comparable to PAS. I", varying 
in total specific activity from 0.94 by 10~ millicuries to 5.45 by 10~ millicuries, 
failed to have any bacteriostatic effect. It was thought that the failure was due 
to the lack of I uptake by the tubercle bacillus. Since 3,5, diiodo PAS was as 
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effective as PAS, the I uptake problem appeared to be solved if a radioactive 
I™ labeled 3,5, diiodo PAS could be synthesized. The latter compound, how- 
ever, had the same in vitro activity against M. tuberculosis as did PAS and un- 
labeled diiodo PAS. 

In the following paragraphs three explanations are offered why radioactive 
I™ labeled 3,5, diiodo PAS was not more effective than PAS or the unlabeled 
diiodo PAS preparations: 


First, despite physical and electrical variations, alpha, beta, gamma, and X-rays all 
produce ionizations in matter such as air, biologic cells, water, et cetera. This fundamental 
similarity suggested that the present ineffectiveness of beta and gamma rays can be ex- 
plained by the ineffectiveness of X-rays under similar circumstances. In spite of a consider- 
able amount of investigation of the effects of X-rays upon bacteria, the reports are still too 
contradictory to permit generalization. Minck (10) found that no effects of radiation could 
be detected from the gross appearance of colony development. Huberland and Klein (11) 
obtained negative effects on a human strain of the tubercle bacillus. Rieder (12) in 1898 
found that six organisms, including the tubercle organism, were killed after irradiation 
intervals of forty to sixty minutes. Kass (13) in 1944 observed that X-rays had no lethal 
effects on the growth of Staphylococcus albus. Newcomer (14) in 1917 believed that the 
successful results of X-rays probably could be attributed to a fluorescent light of wave 
length 2,310 A to 3,900 A excited by X-ray activity upon the container or the materials 
enclosing the bacteria. Compton, at a later date, described the same phenomenon. In gen- 
eral, when a beam of beta, gamma, or X-rays falls upon a piece of matter, some of the elec- 
trons which fly out are ‘Compton Electrons.’”’ These photons fail to give up all of their 
energy and glance off at a reduced energy which means a longer wave length and lower fre- 
quency. Considering the spectrum as a whole, there are only two regions in which the rays 
have any considerable antibiotic effect; namely, in the ultraviolet and infrared wave 
lengths. Fluorescence in the ultraviolet spectrum that can be attributed to the recoiling 
effect is rare; repeated experiments have shown that only sodium bromide (in the solid 
state) when X-irradiated could cause the X-rays to fluoresce in the ultraviolet spectrum 
(13). This failure to undergo a change in frequency to a longer antibiotic wave length may 
explain the tuberculostatic ineffectiveness of beta, gamma, and X-irradiations. 

Second, since I'*' emits only gamma and beta rays, the ineffectiveness may be due to 
an improper electrical charge. Chamber and Russ® (15) observed what may be an instance 
of qualitative difference in the biological effects of alpha and beta rays. When alpha and 
beta rays are used on a suspension of bacteria, marked agglutination occurred before the 
lethal point was reached. If alpha rays were screened off, no agglutination took place, al- 
though the death point was ultimately reached. 

Third, one widely held view of the fundamental biological action of radiation is that 
which postulates activated water reactions (16). The decomposition products of water 
(OH, H,O,, OLH, H) appear. The result is an interference with the normal oxidative phe- 
nomena in the cells. The relative tuberculostatic effectiveness of gamma and beta radiation 
as compared with infrared and ultraviolet rays may be related to their inability to excite 
these physicochemical changes (17). 


The positive uptake studies described in table 3 suggest that radioactive I 
labeled 3,5, diiodo PAS might be useful as a diagnostic aid in experimental 
tuberculosis. Saz and associates (5) fed various aromatic iodine compounds to 
rabbits and to two children. The latter were ill with tuberculous meningitis ac- 
companied by a miliary spread in the lungs. In the rabbits only 20 to30 per cent 


* Original paper not available. 
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of the 2,3,5, triiodobenzoic acid given was recoverable, indicating that it may 
be stored in the skin, fat, and thyroid, which were not analyzed. Tissue analysis, 
however, indicated that the liver, kidneys, and spleen contained considerably 
more compound in the tuberculous animals than in the normal ones. The drugs 
accumulated in the organs where the tuberculosis was actively progressing. Post- 
mortem examination of the children revealed that the lungs contained the 
greatest drug concentrations. The absence of inorganic iodine in the urine after 
administration of the above drug indicated that the iodine was not split off the 
ring in the body. 

Diczfaluzy (18) found that PAS had no bacteriostatic action on E. coli, 
Staphylococcus aureus, or Streptococcus hemolyticus. Wyss, Rubin, and Strandskov 
(19) tested the biologie action of substituted para-aminobenzoic acid, of which 
PAS is an example, and found that PAS had no action against FE. coli. Way and 
associates (20) studied the excretion and fate of PAS. In dogs and humans given 
PAS intravenously, very little was found in the erythrocytes. A man given a 
single dose of 4 gm. of PAS showed a peak plasma level after one hour, and after 
seven hours 85 per cent could be accounted for in the urine. By far the highest 
concentrations were temporarily attained in the kidney, lung, and liver; and 
appreciable amounts were bound by the plasma proteins. PAS, in contrast to 
streptomycin, is an acidic compound and thus may be able to maintain its activity 
within caseous areas (21). Although in vivo experiments have not been performed, 
radioactive I" labeled 3,5, diiodo PAS should remain intact, as occurs with 
previously described aromatic iodine compounds. The positive uptake studies, 
the similarity in structure to Saz’s compounds of proved uptake, suggest that 
radioactive I'' labeled 3,5 diiodo PAS could attain a concentration in tuber- 
culous tissue that could be detected with the Geiger-Mueller counter. Whether 
the gamma radiation will be clinically significant, once the equilibrium distribu- 
tion has been attained, is a matter for further experimentation. 

Talbot, Quimby, and Barach (22) in 1947 in a similar project devised a method 
to measure the deposition of aerosols within the respiratory tract by means of 
radioactive sodium. The subject inhaled this aerosol of a physiologic solution 
of saline containing about 100 microcuries of radioactive sodium. This was done 
for a definite period under predetermined conditions. In a nearby room, the 
gamma radiations were measured by placing a Geiger-Mueller counter over a 
selected site on the chest wall. The value of various methods of nebulizing thera- 
peutic solutions was determined. 

Finally, fluorescein for many years has been known to become concentrated 
in malignant tumors. Like PAS it has the property of adding halogens when 
properly treated. As soon as radioactive I" became available, it was found pos- 
sible to combine this with fluorescein, causing the dye to emit fairly penetrating 
gamma rays easily detectable outside the skull. In a recent series (23) of 95 
histologically verified causes of brain tumor, the use of radioactive dye gave 
accurate localization in 96 per cent and also gave accurate indication as to the 
type of tumor in 91 per cent. The amount of dye given was not large and it 
contained only 1.1 millicuries of activity. 
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SUMMARY 


The results of the in vitro studies in this laboratory of radioactive I'*' labeled 
3,5, diiodo PAS on M. tuberculosis have been presented. 

Neither potassium iodide nor radioactive I! has any tuberculostatice effective- 
Hess, 

PAS, 3.5 diiodo PAS, and radioactive I labeled 3,5, diiodo PAS have rela- 
tively the same in vitro effectiveness against MW. tuberculosis. 

Explanations for the failure of the labeled diiodo PAS to demonstrate in- 
creased tuberculostatic activ itv have been presented, 

Although I has none, radioactive [I labeled 3,5, diiodo PAS has been 


shown to have a positive uptake in the tubercle bacillus. 
The positive uptake studies suggest that radioactive I labeled 3,5 diiodo 


PAS might be useful as a diagnostic aid in experimental tuberculosis. 


SUMARIO 


Estudios de los Efectos in Vitro dell Radioactivo, Rotulade 3,4 hi yods PAS, sobre el Bacilo 


therculose: Comunicacion Preliminary 


Preséntanse los resultados in ritro de los estudios ejecutados sobre el VW. tuberculosis en 
el laboratorio con el I radioactive, rotulado 3,5 bivedo PAS 

Ni el voduro de potasio mi ell radioactive poseen la menor efieacia tuberculoestatica. 

PAS, el 3,5 bivedo PAS el P™ radioactive, rotulade 3,5 bivode PAS, poseen relati 
vamente la misma eficacia in erfre contra el MW. tuberculosis 

Ofrécense explicaciones de las razones por que ho rey el6 aumento de su actividad tubercu 
loestaticea el bivodo PAS rotulado 

Aunque no sucede asi con el ['", el I radioactive rotulado 3,5 bivodo PAS, reveld 
absorcion positiva en el bacilo tuberculoso 

La demostracién de la absorcién positiva sugiere que el ['" radioactive, rotulade 3,5 


bivodo PAS, podria resultar Gtil como auniliar diagnéstico en la tuberculosis 


RESUME 


Rapport preliminatre: etude sur les effets in vitro de radivactif, 3,4, diiedo PAS marqué 


sur le bacille tuberculeus 
Présentation des résultats de étude in vitro faite dans ce laboratoire sur action de 
I") 3.5. diiodo PAS marqué, sur le MW. tuberculosis 
L’iodure de potassium pas plus que le I 3,5, diiodo PAS marqué, ne posséde d’activité 
tuberculostatique 
In vitro, le PAS, le 3,5, diiodo PAS, et le P radioactif ont A peu prés la méme activité 
vis A vis du W. tuberculosis 
L’ auteur fournit des explieations relatives au défaut d’aceroissement d’activité bactério- 
statique présenté par le diiodo PAS marqué 
Bien que le P en soit dépourvu, le I!" radioactif, 3,5, diiodo PAS marqué, posséde la 
propriété de se fixer dans le bacille tuberculeux 
Les études sur cette propriété suggérent que le 1!" 3,5, diiodo PAS marqué, peut se 
montrer utile dans le diagnostie de la tuberculose 
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Case Reports 


FAILURE OF NEOMYCIN AS AN ADJUVANT TO STREPTOMYCIN IN 
TUBERCULOUS MENINGITIS' 


THOMAS L. PERRY 
(Received for publication August 21, 1951) 


INTRODUCTION 


With the announcement of the discovery of neomycin by Waksman and Lechevalier 
in March 1949 (1), it was hoped that this antimicrobial drug would prove to be of value 
in the treatment of tuberculosis. Waksman and his associates (2) found neomycin highly 
active in vitro against both streptomycin-sensitive and streptomycin-resistant MW yco 
bacteria, including tuberculosis, and reported that bacterial resistance to neomycin tn 
vitro developed more slowly than to streptomycin. They also found this new drug to be 


effective in vivo against various pathogenic gram-positive and gram-negative organisms, 
The therapeutically effective dose in mice and chick embryos was well below the acute 
toxicity dose. Other investigators (3, 4) found that neomycin exerted a marked beneficial 
action on tuberculosis in guinea pigs infected with either streptomycin-sensitive or -re- 
sistant organisms. However, the drug produced progressive weight loss and renal tubular 
destruction in these animals 

Published information on the use of neomycin in tuberculosis and other infections in 
human beings is still sexnty. Waisbren and Spink (5) used neomycin in 66 patients. No 
beneficial effect of the drug was observed in 7 of these patients who had tuberculous in 
fections. Transient proteinuria and evlindruria occurred during neomycin therapy in 
24 of 32 patients in whom serial urinalyses were done; and 5 patients developed partial 
or complete hearing loss as a result of neomycin therapy. Duncan and his associates (6) 
found neomycin highly effective in the treatment of urinary tract infections. Their 10 
patients showed no significant evidence of toxic effects of neomycin after periods of treat 
ment ranging from three to nine days. Carr and his associates (7) treated 6 adults with 
pulmonary tuberculosis, using neomyein in an average daily dosage of 4,000 units per 
kilogram of body weight for periods ranging from four to seven weeks. Three patients 
reported symptomatic benefit, but in only one of these was there roentgenographie evi 
dence of improvement. All of the 6 patients showed signs of transient renal damage; and 
one of these at autopsy showed extensive necrosis and sloughing of the renal tubular epi 
thelium. Four of the 6 patients developed severe deafness 

In the present study, neomycin B was used together with streptomycin in the treat 
ment of 3 children with tuberculous meningitis. Case reports on these patients follow, 


and the pertinent data regarding them are summarized in table 1 


CASE REPORTS 


Case 1. AWG... a two-vear-old white boy, entered the Los Angeles Childrens Hospital with 
unexplained fever of three weeks’ duration, and weakness of the right arm and leg of three 


davs’ duration. He had been exposed to active pulmonary tuberculosis five months earlier 


' From the Childrens Hospital, Los Angeles, and the Department of Pediatries, Univer 
sity of Southern California School of Medicine 
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Examination on admission revealed irritability, ataxia, and weakness of the right arm and 
leg. The neck and spine were supple. A Mantoux test was positive at 0.01 mg., and the chest 
roentgenogram showed evidence of an active primary tuberculosis in the right upper lung 
field, with miliary infiltrations throughout both lung fields. Skull roentgenograms showed 
separation of the cranial sutures, and an elect roencephalogram was indicative of a severe 
disturbance in the entire left cerebral hemisphere. Cerebrospinal fluid examination revealed 
100 leukocytes per cu. mm., 80 per cent of them Lymphocytes; total protein, 160 mg. per 100 
ml.; sugar, 16 mg. per 100 ml.; and chlorides, 115 milliequivalents per liter. Tubercle bacilli 
were recovered from the cerebrospinal fluid both on culture and on guinea pig inoculation 
These showed an in eitre neomyein sensitivity of 25 units per ec. of culture medium and a 
streptomycin sensitivity of 10 y per ce? 


TABLE 1 
wuary oF Data on Neomycin TReatMent or 3 Curtoren Wrrn 
Tesercetous 


TERIAL TERIAL 
PV IDENCE OF T 
IMPROVEMENT NDINGS MYCIN TOMYCIN 


RATION 


Rise in cere-  Tleavy pro Pubereulous 
brospinal meningitis; 
fluid sugar last week miliary 
level of therapy tuberculosis; 

renal tubu 
lar 
260.51.0 No None Mild protein. Tuberculous 
urta meningitis; 
throughout renal tu 
therapy bular ne 
erosis 
260.51.0 Yes Rise in cere- Heavy pro Tuberculous 
brospinal teimnuria meningitis; 
fluid sugar and evlin tuberculous 
level druria last spondylitis; 
week of renal tu 
therapy bular ne 


crosis 


Therapy and course: Treatment was started immediately and consisted of neomyein B 
(containing 240 Waksman units per mg.), 0.25 gm. intramuscularly every twelve hours: 
streptomvein, 1.0 gm. intramuscularly every twenty-four hours: and streptomyein, 25 mg. 
intratheeally every twenty-four hours. The child’s course was progressively downhill, with 
continuous fever, loss of initial ability to sit and stand, increasing spasticity of all extremi 
ties, and terminal vomiting and convulsions. The only evidence of favorable response to 


* In this study, determinations of bacterial sensitivity to streptomycin were not earried 
out in concentrations less than 10 y per ml. of culture medium. It is therefore possible that 
the organism isolated from this patient was considerably more sensitive to streptomyein 
than is indieated 


- 
' 

» 

THECAL 

AGE 

3 TIVITY TIVITY 
3S dey de perml. per ml 

! 2 12.5 25 1 

2 2 12.0 25 1 

3 4 13.5 6 10 
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treatment was a rise in the cerebrospinal fluid sugar level to normal. Death occurred on the 
During this period there was no evidence of toxic response to 


thirty-ninth day of therapy 
neomycin at injection sites, and the child’s hearing remained grossly normal. Serial blood 


counts were normal, and blood nonprotein nitrogen concentrations varied between 26 and 
36 mg. per 100 ml. Serial urinalyses were not remarkable until the last week of therapy when 


a 4 plus proteinuria appeared 

Post-mortem examination: 
bronchial and peritracheal lymph nodes; miliary tubercles involving lungs, liver, spleen, 
No tuberculomata were found in the brain 


Post-mortem examination disclosed caseous right tracheo 


and thyroid; and a tuberculous meningitis 
The kidneys were considerably swollen and, on microscopic examination, showed an exten 
sive necrosis of the tubular epithelial cells, with swelling, vacuolation, and disruption 
of the cytoplasm, and sloughing of disrupted cells into the tubular lumen. These necrotic 
changes were most marked in the proximal convoluted tubules. The glomeruli were normal 


in appearance (figure 1 


Fig. 1. Case 1. Photomicrograph of kidney of patient, showing swelling and disruption of 
tubular epithelial cells (after treatment with streptomycin, 1.0 gm. daily for thirty-nine 
days, and neomyein B, 0.5 gm. daily for thirty-nine days). 


Case 2. D.O., a white male infant, developed primary pulmonary tuberculosis at the age 
of four months, after exposure to active tuberculosis during the first two months of life 
of seven months, when a hematogenous 


He was given no specific treatment until the age 
He then was treated with streptomycin 


spread was evident in the chest roentgenograms 
for three months, with arrest of the miliary tuberculosis and progressive healing of the pri 
mary lesion. He remained in good health until the age of two vears. At this time he was re 

admitted to the Los Angeles Childrens Hospital with a history of irritability and lethargy 
for seven days and vomiting for three days. On examination the child was lethargic but able 
to sit unsupported. Slight nuchal rigidity and positive Kernig signs were present. Roent 

genogram of the chest revealed continued healing of the primary lesion in the left upper 
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lobe, and skull roentgenograms demonstrated suture separation. An electroencephalogram 
was interpreted as diffusely abnormal. Cerebrospinal fluid contained 141 leukocytes per cu. 
mm., OL per cent of them lymphoeytes; and showed total protein, 70 mg. per 100 mi.; sugar, 
25 mg. per 100 ml.; and chlorides, 124 milliequivalents per liter Both eulture and guinea 
pig inoculation of the cerebrospinal fluid demonstrated tubercle bacilli; these had a neo 
mycin sensitivity of 25 units per ce and a streptomycin sensitivity of 10 y per ce 

Therapy and course: The child was promptly started on antibacterial therapy consisting 
of neomyein B (containing 240 Waksman units per mg.), 0.25 gm. intramuscularly every 
twelve hours, and streptomyein, 1.0 gm. intramuscularly every twenty-four hours. There 
was neither clinieal nor laboratory evidence of favorable response to treatment, the child 
became progressively more lethargic, and died in coma on the twenty-sixth day of treat 
ment. During this period there were no local toxic effeets from neomyein injections, and 
hearing remained grossly normal. Blood counts showed no abnormalities during neomycin 
treatment, and blood nonprotein nitrogen levels varied bet ween 25 and 2s mg. per 100 ml 
Urinalvses throughout neomvein treatment showed a mild to moderate degree of prote 
inuris 

Post-mortem examination: Post-mortem examination revealed a fibrous and calcifying 
healing primary focus at the apex of the left lung and tuberculous meningitis. There was 
no evidence of miliary tuberculosis, and no tuberculomata were found on serial sectioning 
of the brain. The kidneys were grossly swollen and pale and, on microscopic section, showed 
swelling and necrosis of the tubular epithelium and a filling of the lumina of convoluted and 
collecting tubules with granular debris. In some areas early regeneration of the proximal 


convoluted tubular epithelium was encountered. The glomeruli appeared undamaged 


Case 3.3.C., a white girl, developed primary pulmonary tuberculosis when one vear of age, 
after a brief exposure to active tuberculosis six weeks earlier During the next ten months 
she remained asymptomatic and showed roentgenographic evidence of healing of the pri 
mary complex At the ge ol two vears, however, tuberculous spondy litis of the eleventh and 
twelfth thoracic vertebrae appeared. For the following eighteen months this was treated 
with bed rest and immobilization in a body east. When the patient was three and a half 
vears old she developed miliary tuberculosis Although she was eritieally ill for months, 
meningitis did not appear, and the miliary tuberculosis was eventually arrested, Treatment 
consisted of intramuscular streptomyein and oral Promizole and para-aminosalieyelie acid 
for eight months. No improvement was effeeted in the tuberculous spondylitis. Within a 
week of discontinuance of antituberculous chemotherapy, fever, irritability, and lethargy 
appeared; and the child was readmitted to the Los Angeles Childrens Hospital 

Physieal examination disclosed marked low dorsal scoliosis, absent tendon reflexes in 
the legs, but no nuchal rigidity. Chest roentgenograms showed a healed primary complex 
on the left, and these of the spine demonstrated a destructive lesion in the bodies of the 
_with obliteration of the interspace. Cerebrospinal 


eleventh and twelfth thoracic vertebra 
fluid examination revealed 41 leukoevtes per eu. mm., 60 per cent of them polymorphonu 


clears; total protein, 75 mg. per lOO ml.; sugar, 31 mg. per 100 mil.: and chlorides, 112 milli 


equiy ilents per liter 
Therapy and course: Treatment was started consisting of neomyemn B (containing 240 


Waksman units per mg.), 0.25 gm. intramuscularly every twelve hours, streptomyein 1.0 
gm intramuscularly every twenty-four 


every twenty-four hours. The echild’s course was one of steady deterioration, with lethargy 


hours, and streptomyein, 25 mg. intratheeally 


progressing into coma, development of marked weakness and spasticity of the legs, and 
oceasional convulsions. Rise in cerebrospinal fluid sugar concentration to normal was the 


sole evidence of favorable response to therapy. Death oceurred on the twenty-sixth day of 


treatment. Severe inflammatory reactions occurred at the sites of neomvein Injection during 


the last ten davs of treatment. Grossly, no hearing loss was deteeted. Blood counts remained 
normal exeept for a polymorphonuclear leukocytosis associated with the loeal toxic re 


actions to neomyein injection. Repeated blood nonprotein nitrogen determinations ranged 
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between 19 and 25 mg. per 100 ml., and urinalvses were normal until five davs before death, 
when 3 plus proteimmuria and numerous hyaline, granular, waxy, and cellular casts appeared 

Post-mortem examination: Post-mortem examination disclosed healed primary tuberculo 
sis in the left upper lung field, active tuberculous spondylitis of the bodies of the eleventh 
and twelfth thoracic vertebrae, and old healed miliary tubercles in lungs, spleen, and kid 
nevs. Fresh miliary tubercles were present in the meninges of the brain and spinal cord, 
and serial sections of the brain demonstrated three small tuberculomata at various points 
in the right cerebral hemisphere. Tubercle bacilli were cultured from the surface of the 
brain; their neomycin sensitivity was 6 units per mil., and their streptomyein sensitivity 


«@e be: 


Pig. 2. Case 3. Photomicrograph of kidney of patient, showing changes of toxie nephro 
sis. The cellular infiltration between the two glomeruli probably represents a healed miliary 
tubercle (after treatment with streptomvein, 1.0 gm. daily for nine months, and neomycin 
B, 0.5 gm. daily for twenty-six davs 


10 y per ml. Microscopic examination of the kidneys revealed marked destructive changes 
involving the epithelium of the proximal convoluted tubules. The evtoplasm was swollen 
and vacuolated, the nuclei pyknotie, and the lumina of the tubules were filled with neerotie 
cells and amorphous granular material. The glomeruli appeared normal (figure 2 


COMMENT 


In these 3 patients there was no evidence that neomycin supplemented the therapeutic 
action of streptomycin. [f anything, death oceurred sooner than might have been expected 
had streptomycin alone been used for the treatment of tuberculous meningitis. An oto 
toxic effect of neomyein was not observed. One patient showed local irritation at the sites 
of neomycin injection. While none of the patients had demonstrable nitrogen retention 
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during life, post-mortem studies showed that in each ease neomycin administration had 
produced a severe toxic nephrosis, characterized by necrosis and sloughing of the proximal 
tubular epithelium 

The neomycin dosage used in each of these patients approximated 10,000 units per kg. 
of body weight per day. Steenken, Wolinsky, and Bolinger (3) found a marked beneficial 
action of neomycin on experimental tuberculosis in guinea pigs given 10,000 to 20,000 
units of the drug per kg. per day, but progressive weight loss occurred in these animals 
Karlson, Gainer, and Feldman (4) also demonstrated the effectiveness of neomyein on 
tuberculosis in guinea pigs infected with streptomycin-resistant bacilli. However, their 
animals showed a nephrotoxic effect of neomvein, characterized by tubular destruction 
and cellular infiltration after prolonged treatment with a daily dosage ranging from 2,500 
up to 10,000 units per kg 

The strains of tubercle bacilli isolated from these patients proved considerably more 
resistant to neomycin in vitro than have strains tested by other investigators. This may 
be due to a decreased tuberculostatic potency of the lot of neomycin B used or to differ 
ences in the method of sensitivity testing used. In this study bacilli were grown on Lowen 
stein’s solid medium containing neomycin, and the sensitivity of each strain was recorded 
as the lowest antibiotie concentration preventing growth of all bacilli in three weeks. In 
any case, the clinieal trial of neomyein demonstrated a pronounced nephrotoxic action 
of the antibiotic at a dosage level too low to produce an appreciable tuberculostatie effect 


SUMMARY 


Three children with tuberculous meningitis were treated with 0.25 gm. of neomycin 
B, containing 240 Waksman units per mg., every twelve hours for twenty-six to thirty 
nine days. Each patient also received streptomycin. Neomycin in this dosage had no 
favorable therapeutic effect, but did exert a pronounced nephrotoxic action on the renal 
tubules as demonstrated at autopsy. Until less toxie samples of neomyein can be pre 
pared, this drug does not appear to have a place in the treatment of even this most deadly 
form of tuberculosis 

SUMARIO 


Fracase de la Neomicina en la VW ningitis Tube rculosa 


Tres nifies con meningitis tuberculosa fueron tratados con 0.25 gm. de neomicina B, 
conteniendo 240 unidades Waksman por mg., cada doce horas por espacio de veintiséis a 
treinta vy nueva dias. Cada enfermito recibié ademas estreptomicina. La neomicina a dicha 
dlosts noejercid favorable efecto terapeut ico, pero si desplego pronunciada accion nefrotoxica 
sobre los tubos renales, segdn revelé la autopsia. Hasta que puedan prepararse muestras 
menos toxieas de neomicina, ese antibiético no parece merecer un puesto en el tratamiento 


ni aun de esa letalisima forma de tuberculosis 


RESUME 
Echec de la néomuycine dans la me ningite tuberculeuse 


Trois enfants atteints de méningite tuberculeuse ont été traités par la néomveine A la 
dose de 0.25 g. toutes les douze heures, pendant vingt-six A trente-neuf jours; un milligramme 
representant 240 unités Waksman. Chaque enfant recevait également de la streptomyeine 
Administrée & cette dose la néomyecine n’a pas produit un effet thérapeutique satisfaisant 
et, comme I’a démontré l'autopsie, elle a exerecé une action néphrotoxique sur le tube rénal 
Jusqu’a ce que des spécimens de néomycine moins toxiques aient été préparés, Vutilisation 
de cet antibiotique, méme pour le traitement de cette forme mortelle de la tuberculose 


n'est pas justifiée 
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TUBERCULOSIS OF THE MYOCARDIUM! 


Report of a Case Exhibiting Changing Types of Heart Block 
ISADORE ROSE 
(Received for publication October 11, 1951) 


INTRODUCTION 


Clinically manifest tuberculosis of the myocardium is rare, and the diagnosis of myo- 
cardial tuberculosis is usually made by post-mortem examination. Diffenbach (5) re- 
ports that some degree of involvement of the pericardium, myocardium, or endocardium 
occurs in approximately 4 per cent of all cases of pulmonary tuberculosis. Auerbach and 
Guggenheim (2) found the incidence of myocardial involvement to be 0.28 per 
cent in 10,165 autopsies of patients with tuberculosis. Horn and Saphir (8) reviewed the 
reports of various authors and found 19 cases of myocardial tuberculosis in 7,684 au- 
topsies of patients with tuberculosis, or 0.25 per cent. 

The first recognized case of myocardial tuberculosis in the English literature was re- 
ported by Townsend (14) of Dublin in 1832. In his case the tumor-like auricular growth 
obstructed the pulmonary veins and resulted in hemorrhage into the lungs. Gouley, Bel- 
let, and McMillan (6) reported involvement of the coronary arteries in six cases of tu- 
berculosis of the myocardium. These authors (3) described in detail one of these cases 
in which an unusual degree of tuberculosis was present. The coronary arteries and large 
surface veins were destroyed in the process so that the nourishment of the myocardium 
had to be obtained from the thebesian vessels. Menon and Rao (10) reported a case of 
tuberculosis involving the interventricular septum; death was attributed to heart block 
followed by right heart failure. 

Tuberculosis of the myocardium can affect both auricles and ventricles and the clinical 
picture produced will accordingly vary with the site of involvement. The following case 
is presented as demonstrating an unusual clinical picture of changing types of heart block 
due to tuberculosis of the myocardium. 


REPORT OF CASE 


M. D., a 51-year-old Negro woman, was admitted to the Philadelphia General Hospital 
on April 26, 1951 with a two-week history of ‘‘fainting spells.’’ She was in her usual good 
health until two weeks prior to admission to the hospital, when she had what she described 
as two fainting attacks in one week. These attacks started with nausea, mild headache, 
photophobia, vertigo, and then loss of consciousness for a few minutes. After these attacks 
she felt weak and had to lie down. 

Systemic review was essentially negative, although she gave a history of hypertension 
of two to three years’ duration. She had been working as a housekeeper. 

Physical examination revealed her to be well nourished and in no distress. The tempera- 
ture was 98.8°F.; the pulse, 36 per minute; the respirations, 24 per minute; and the blood 
pressure, 140 systolic, 98 diastolic in mm. of mercury. The chest was slightly emphysema- 
tous, but the lungs were normal. The heart was not enlarged. A grade III harsh systolic 
murmur was heard over the entire precordium and was heard best at the second interspace 
to the left of the sternum. On examination of the abdomen, questionable small nodular 
masses could be felt in the right lower quadrant. The remainder of the physical examina- 
tion was negative. 


' From the Department of Medicine, Philadelphia General Hospital, Philadelphia, Pa. 
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Laboratory studies were as follows: The concentration of hemoglobin was 12.0 gm. per 
100 ce.; the leukoeyte count was 12,300 per cu. mm. with a differential count of polymor 
phonuclear leukocytes, 71 per cent; lymphocytes, 17 per cent; mononuclears, 11 per cent; 
and eosinophils, | per cent. Urinalysis was normal; a serologic test for syphilis was nega 
tive. Blood concentrations of sugar and urea nitrogen were 104 and S mg. per ml., respec 
tively. Photofluorograph showed fibrous strands in the right apex of the lung (figure 1). 

An electroeardiogram obtained on admission on April 26, 1951 revealed complete auric 
uloventricular heart block (figure 2 A). The electrocardiogram was repeated on May 1, 
1951, the pulse rate clinically having risen and become regular, and revealed a left bundle 
branch block (figure 2B). The patient was given oxygen by positive pressure mask for 
approximately fifteen hours to see if it would have any effect svmptomatically or on the 
electroeardiogram, but no changes were noted. She received no other therapy and had no 
syneopal attacks during this period. 


Fig. 1. Postero-anterior chest photofluorograph demonstrating small linear lesions in 
the right apex. 


She was discharged from the hospital on May 3, 1951, but the following day she had 
another syncopal attack and was readmitted to the hospital. Aside from a pulse rate of 
2) per minute, indicating complete auriculoventricular heart block, the examination 
was essentially the same as on the first admission one week previously. The patient was 
alert, comfortable, and cheerful. She had several more syneopal attacks the day after 
admission. Oxygen was started and continued for twelve hours. Ephedrine sulfate, 0.025 
gzm., Was administered at six-hour intervals. 

An electroeardiogram on May 7, 1951 revealed a 2:1 auriculoventricular heart block 
with a right bundle branch block (figure 2.C). The patient was kept on ephedrine sulfate 


and, in addition, potassium iodide, 0.6 gm. three times daily, was started empirically on May 


10, 1951. An electrocardiogram on May 14, 1951 showed 2:1 auriculoventricular heart 
block, although bundle branch block was no longer present. The T-wave inversion in lead 
V2 was interpreted as being suspicious of a small antero-septal infaret, whereas it had 
previously been attributed to the bundle braneh block (figure 2 D 
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The patient started to have a daily temperature elevation to 100.2°F. on May 12, 1951, 
but it was believed that she had an upper respiratory infection. The temperature was 
normal on May 14, 1951 but rose to LOI’ F. on May 15 and May 16, 1951. On May 17, 1951 
she had at least three generalized convulsive seizures accompanied by a pulse rate of 36 


7 
ee? ' 


E 
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Fig. 2 A. Eleetroeardiogram taken on April 26, 1951, showing complete suriculoven- 
tricular heart bloek. B. Eleetroeardiogram taken on May 1, 
bundle branch block. C. Eleetroeardiogram taken on Mav 7. 1951, showing right bundle 
branch block and 2:1 auriculoventricular bloek. D. Eleetroeardiogram taken on May 
14, 1951. in whieh bundle braneh block is no longer seen although 2:1 auriculoventriceular 


heart block still persists. E. Electroeardiogram taken on May IS, 1951 
auriculoventricular heart bloek 


showing complete left 


showing complete 
with very slow ventricular rate (16 per minute 


per minute, ine clur ng one of these seizures she suffered a superficial scalp lncerat ton when 
she struck her head. On this dav she received 0.5 ce 


muscularly, whieh produced no effeet 


On Mav IS, 1051 the patient had an episode ot projectile vomiting 
of 16 per minute 


of 121,000 aqueous epinephrine intra 


. With «a pulse rate 
An elect roeardiogr im on this date revealed complete nuriculo 
ventricular heart block (figure 2k). Temperature was 100°R., and she felt better after a 


Levin tube was passed to evacuate air and fluid from the stomach. 
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On May 19, 1951, the patient began to have syneopal attacks with convulsions every 
five minutes which lasted approximately one to two minutes. At this time the pulse was 
32 per minute, the blood pressure was unobtainable, and the temperature was 100°F. 
Oxygen was started, and 0.3 ec. of 1:1,000 aqueous epinephrine was given in addition to 
0.5 ee. of 1:1,000 epinephrine in oil intramuscularly. Shortly thereafter 0.3 ce. of 1:1,000 
aqueous epinephrine was given again, but the patient did not respond and died that night. 


Post-Mortem Examination 


Vacroscopic examination: At necropsy the heart weighed 280 gm. All chambers were 
slightly dilated and those of the right heart markedly so. Beneath the epicardium and in- 
volving the myocardium and interventricular septum were multiple clusters and patches 
of rounded, light tan, moderately firm nodules ranging in size from 1 or 2mm. to 1 by 1 by 
2.5 em. The largest of these was a single nodule located near the apex in the lateral wall 
of the left ventricle. Most of the smaller lesions were seen on the posterior surface of the 
heart near the septum. The epicardium, endocardium, and valves showed no specitic lesions 
The lungs showed fibrous scars and adhesive bands in both apices. The mediastinal lymph 
nodes were grossly normal. The uterus was enlarged and deformed by a spherical mass of 
gray, red, and purple streaked, whorled, fibroid tissue; the tubes and ovaries could not be 
recognized in this mass. The remainder of the examination was essentially negative 

Vicrose opic eramination: Histologic sections of the heart showed tuberculous mvyoeardi 
tis with diffuse degeneration of the myocardium and foeal caseous tuberculosis (figure 3 
Tubercle bacilli were not seen on the acid-fast stained sections of the myocardium. The 
lungs showed fibrotie scars of old inflammatory lesions but no evidence of active infection 
Active pelvie tuberculosis was seen in the section of the pelvie mass. The pelvie mass on 
section was found to be the site of an extensive inflammatory process. Histologic examina 
tion of material from this process revealed the characteristic appearance of a tuberculous 
process with areas of caseation surrounded by lymphocytes, epithelioid cells, and several 


Langhans’ giant cells 


COMMENT 


The literature relative to myocardial tuberculosis has been extensively reviewed by 
Norris (11), Auerbach and Guggenheim (2), Horn and Saphir (8), and more recently 
by Diffenbach (5). It is generally agreed that tuberculosis of the myocardium ean oceur 
in one of the following three forms: (7) a grossly nodular type; (2) a miliary form; and 
(3) « diffuse infiltrating form. The nodular type is seen most frequently and the lesions 
may be single or multiple, pea to egg size. The miliary form is seen in patients with miliary 
tuberculosis. The diffuse infiltrating form is seen in tuberculous pericarditis in whieh ease- 
ation extends directly into the myocardium. 

A tuberculyus lesion of the myocardium must be regarded as secondary to a tubereu- 
lous focus elsewhere in the body, according to Anders (1). He states that in the ease 
reported by Demme (4) as primary tuberculosis of the myocardium lack of histologic 
examination of other organs makes this questionable. Gunewardene and Gunewardene 
(7) reported a case of extensive primary tuberculous disease of the heart. They described 
only the pathologic findings in the heart, however, and made no mention of the examina 
tion of other organs, merely stating that there was no macroscopic evidence of tubereu- 
lous affection elsewhere. Horn and Saphir (8) also question the authenticity of reports 


of primary myocardial tuberculosis. The mode of entrance to the myocardium may be 


by the lymphatic system, by the blood stream, or by direct extension. 

Diffenbach (5) points out the similarity existing in the interstitial myocardial involve 
ment of tuberculosis and rheumatic fever. The two processes differ in that there is marked 
parenchymatous degeneration in addition to the interstitial changes in active rheumatic 
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myocarditis. In tuberculous myocarditis, parenchymal involvement is minimal prior to 
the development of caseation, despite marked interstitial infiltration. Masugi, Murasawa, 
and Ya (9) mentioned the occurrence of granulomatous lesions resembling Aschoff bodies 
in the heart of a patient with pulmonary tuberculosis, and this has more recently been 
deseribed by Valdés-Dapena and Valdés-Dapena (15). 


‘ 
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Fig. 3. Sections of mvoeardium (02) showing tuberculosis of mvoeardium. Caseation 
necrosis seen in lower right corner of A; B demonstrates giant cell and chronic inflammatory 


infiltration 


With regard to the clinical aspects of tuberculosis of the myocardium, it has already 


been noted that the symptoms and signs produced will depend on the sites involved and 


the extent of involvement. In the ease of nodular myocardial tuberculosis reported by 
Rauchwerger and Rogers (12), there was no elinical evidence referable to the cardio 
vascular svstem. Wilbur (16) reported a case in which myocardial tuberculosis was the 
cause of congestive failure. Rosenbaum and Linn (13) reported a case of tuberculoma 
of the myocardium in a patient treated with streptomycin. They concluded that the 
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myocardial lesion existed prior to streptomycin therapy. They felt that streptomycin 
had no effect on the myocardial tuberculosis, as there was no evidence of healing such 
as absence of caseation, fibrosis, and hyalinization. 

In the case of tuberculosis of the myocardium reported here, it can be postulated that 
permanent structural damage to the conduction system of the heart did not occur, at 
least until shortly before death, in view of the fact that the patient exhibited changing 
types of heart block. It is probable that there was a temporary inflammatory reaction 
accompanied by invasion of the myocardium at various sites by inflammatory cells, with 
edema, at various times to account for the changing types of heart block. 


SUMMARY 


A case of myocardial tuberculosis, showing an unusual clinical picture, has been pre- 
sented. 

The varying types of heart block exhibited by this patient point to involvement of 
the conduction apparatus of the heart. 

Although no active pulmonary tuberculosis was demonstrated, active tuberculosis 
was present in the pelvic organs. 

Myocardial tuberculosis should be considered in a patient who has a primary focus of 
tuberculosis, particularly if there are cardiovascular signs present. 


SUMARIO 


Tuberculosis del Miocardio. Presentacién de un Caso Manifestando Formas 
Variables de Bloqgueo Cardiaco 

Presentacién de un Caso Manifestando Formas Variables de Bloqueo Cardiaco 

El caso presentado, de tuberculosis miocardfaca, revelaba un cuadro clinico extrafio. 

Las varias formas de bloqueo cardfaco manifestadas por el enfermo indican afeccién 
del aparato de conduccién del corazén. 

Aunque no se descubrié tuberculosis pulmonar activa, habfa tuberculosis activa presente 
en los érganos pelvianos. 

Hay que pensar en tuberculosis miocardfaca en todo enfermo que tenga un foco primario 
de tuberculosis, en particular si existen signos cardiovasculares. 


Tuberculose du myocarde. Observation d’un cas présentant des caractéristiques 
atypiques du blocage du coeur 
Présentation d’un cas de tuberculose du myocarde avéc manifestations cliniques atypi- 


ques. 

Les caractéristiques du blocage du coeur observées chez ce malade indiquent une atteinte 
du systéme de conduction du coeur. 

Bien que la tuberculose pulmonaire en activité n’ait pas été constatée, les organes 
pelviens présentaient des lésions tuberculeuses actives. 

Il y a lieu de penser au diagnostic de tuberculose du myocarde chez les sujets ayant un 
foyer primaire de tuberculose, surtout en présence de signes cardio-vasculaires. 
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AGRANULOUCYTOSIS DUE TO AMITHIOZONE THERAPY’ 
DELBERT V. PREHEIM ann MORDANT E. PECK 
(Received for publication August 20, 1951) 


Amithiozone is a new addition to our armamentarium for the treatment of tuberculosis. 
This drug was synthesized by Behnisch and Schmidt and was used extensively in Germany 
after World War II. The initial reports (2, 3, 4, 5, 9) on its use in tuberculosis were most 
encouraging, especially in the enteric and epithelial forms of the disease. Although tox- 
icity to the liver, myeloid elements, and cutaneous structures were encountered, these 
have been held to be minimal, especially when lower dosages are employed. 

The experience of the present writers, together with that of others, does indicate that 
amithiozone may have usefulness in the treatment of the enteric form of tuberculosis. 
However, the toxic manifestations are of such magnitude as to seriously limit its useful- 
ness (6-11). 

Hepatotoxicity as reflected by changes in liver function tests and clinical jaundice has 
been emphasized (6-11). Experimentally, the present writers have been unable to produce 
any evidence of liver damage in white rats with daily dosages of 2,000 mg. of amithiozone 
per kg. administered over prolonged periods of time. These doses are approximately 330 
times as great as those administered to humans. In a small series of 5 patients followed by 
serial liver function studies and treated with dosages up to 200 mg. per day, no untoward 
reactions were encountered. One of these 5 patients, however, developed a true agranulo- 
cytosis. Although there have been numerous reports of granulocytopenia and discussions 


of agranulocytosis occurring as a complication of amithiozone therapy, the writers have 
been unable to find any reported cases verified by bone marrow studies. It would seem, 
therefore, that sufficient emphasis has not been placed on this potential complication, 
nor had it previously been demonstrated that this was a true agranulocytosis. The present 
case is therefore worthy of presentation. 


CASE REPORT 


H. B., a white male, 37 years of age, was admitted to the tuberculosis ward of the Denver 
General Hospital May 27, 1950, complaining of chills, fever, cough, and weight loss. In 1944 
a “‘spot was found on the right lung’’ during a routine pre-employment examination. He 
was admitted to a sanatorium at which time ‘“‘the disease had already spread to the left 
lung.’’ In December 1944, therapeutic pneumothorax was started on the left and continued 
until May 1945, when the patient left the hospital against advice. Thereafter, he dropped 
from medical observation and worked as a lumberman, heating salesman, and at other odd 
jobs. Symptoms of weight loss, anorexia, cough (productive of sputum, but without hemop- 
tysis), chills, and fever increased until, in extreme weakness, he was forced to present him- 
self for admission once again. 

On this occasion the patient’s temperature was 102°F. orally; pulse, 142 per minute; 
blood pressure, 80 systolic and 30 diastolic in mm. of mercury. He appeared very toxic. 
Eyes, ears, nose, and throat were in normal condition. Loud moist rales were present over 
the entire right chest and, to a lesser degree, over the left. The remainder of the physical 


1 From the Chest Service of the Departments of Medicine and Surgery of the University 
of Colorado Medical Center, Denver, Colorado. 
? The present investigation was supported, in part, by a grant from the Squibb Institute 
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examination was normal except for generalized muscle wasting and a superficially infected 
excoriation over the stump of an old traumatic mid-thigh amputation. 

A chest roentgenogram revealed extensive nodular and irregular soft infiltrations 
throughout both lung fields with the exception of the left lower one-third. Sputum was 
positive for acid-fast bacilli by direct smear on each of three occasions. A serologic test for 
syphilis (Kahn) was negative. Peripheral blood studies and urinalysis were normal. Sputum 
cultures for Friedlinder’s bacillus and pneumococci revealed no growth. 


TABLE 1 
PeRIPHERAL BLoop Stupies 


Poty- | 
LYMPHO- | MONO- EOSINO- 
| LeUkocyTEs | MoRPHO- | 


HEMO- 
GLOBIN 


| 
| 
| 


Heavy toxic 
granulation 
17,300 
15,400 
19,900 7 Toxic granula- 
tion 
13,800 7 | 9 
8,200 7 15 2 ) 0 
4,000 “Almost No Polys’’ 
3,500 14 2 
4,000 : | 28 0 
14,400 | 16 1 
25,000 | 4 
33,000 | 13 6 myelocytes, 
| very heavy 
toxic granula- 
tion 
26 , 400 | Toxic granula- 
tion 
40,000 | | 7 myelocytes 
30,300 | 5 myelocytes 
28,000 | 3 myelocytes 
14,400 
15,300 
14,300 


Shortly after admission, therapy with streptomycin, 1 gm. per day, and para-amino- 
salicylic acid (PAS), 3 gm. four times a day, was started. The patient received a total of 
85 gm. of streptomycin in the initial course, the last injection on August 17, 1950. PAS was 
continued for a total of 156 days, after which time the patient was reluctant to take the drug. 
Nine additional 3 gm. doses were given between November 11 and 14, but the patient was 
unable to tolerate the drug. On the above regimen there was subjective improvement as 
well as some resolution of the lung lesions by roentgenographic examination. Pneumo- 
peritoneum was considered but refused by the patient. It was then determined to place him 
on amithiozone therapy. Preliminary liver function tests were performed and were within 


normal limits 


5-13-50 12.5 
6-1-50 | 13.5 
| 6-7-50 13.5 
7-31-50 14.0 
9-26-50 | 14.5 
10-30-50 14.0 
12-13-50 11.5 
12-14-50 12.0 
12-15-50 13.0 
12-16-50 12.5 
12-17-50 14.0 
12-18-50 | 13.5 

12-19-50 | 14.0 | 
12-20-50 | 13.0 
12-21-50 | 14.0 
12-22-50 14.0 
1-4-51 13.0 
2-251 13.0 
2-19-51 | 13.0 
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Amithiozone therapy: On November 16, 1950, the patient was started on amithiozone,’ 
50 mg. daily for one week, 100 mg. daily the second week, and 150 mg. daily the third week. 
It was planned to continue with 200 mg. daily thereafter. However, on December 9, 1950, 
at the end of the third week, just as the 200 mg. dosage was to begin and after a total of 
2,200 mg. of the drug had been ingested, the patient developed severe nausea and vomiting, 
was feverish and dehydrated, and could no longer retain the medicine. Consequently, the 
drug was discontinued. Temperature elevations to 103° F. were present and continued daily. 
It was observed on December 13, 1950, ‘“WBC 4,000 with almost no polys, also drop in hemo- 
globin from 14 grams (October 30, 1950) to 11.5 grams.”’ Detailed studies of peripheral 
blood are shown in table 1. Sternal bone marrow, December 13, 1950, showed: The marrow 
is moderately cellular with the following distribution: 


Promyelocytes......... Lymphocytes 
Myelocytes. . 
Metamyelocytes................. 1. Plasma cells............ 
Segmented neutrophil ..... Reticulum cells 
Eosinophils. .. Erythroblasts 

Myelocytes 5 ‘ Normoblasts 

Metamyelocytes 

Segmented 

Granulocytic-erythrocytic ratio = 1.6:1 


“The megakaryocytes, the granulocytic-erythrocytic ratio and the cellular maturation, 
except the granulocytic series, are normal. The promyelocytes and myelocytes are markedly 
increased and the mature granulocytes are relatively absent. This maturation arrest is 
consistent with that of agranulocytosis and gives a relatively favorable prognosis.’’ 

On December 13, 1950, this patient was started on penicillin, 300,000 units every eight 
hours; and on December 14, 1950, he was given corticotropin (ACTH), 20 mg. intramuscu- 
larly, followed by 20 mg. six hours later, and 10 mg. every six hours thereafter. The cortico- 
tropin was stopped December 16 after a total of 80 mg. had been given. The blood count 
rapidly returned to normal. On December 14 streptomycin therapy was reinstituted in 2 
gm. doses every third day. No PAS was given at this time. The streptomycin therapy was 
discontinued on January 27, 1951, after a total of 20 gm. had been given. Thereafter the 
patient’s condition rapidly declined; his sputum remained strongly positive for acid-fast 
bacilli, and little change could be seen in the chest roentgenograms. He became progres- 
sively more dyspneic, cyanotic, and disoriented, and died on April 8, 1951. 


DISCUSSION 


Belgorod and associates (8) have recently reported the development of granulocytopenia 
in a patient who had been on a regimen of 300 mg. of amithiozone daily for three weeks. 
They did not report a bone marrow biopsy and considered the condition of little signifi- 
cance since it cleared spontaneously after transfusions of whole blood. Their patient was 
subsequently restarted on amithiozone, the dose being gradually increased from 50 mg. 
to 100 mg. and then to 150 mg. per day, at which level it was maintained without further 
adverse effect. They concluded that “In daily dosage of 150 mg. or less, amithiozone is 
a safe drug when administered under medical supervision and with adequate laboratory 
facilities.” Sandhaus and co-workers (11) cited a patient with granulocytopenia whose 
leukocyte count dropped to 1,000 per cu. mm. with 3 per cent granulocytes after a total 


* Administered as Myvizone which is the proprictary name of E. R. Squibb & Sons’ 
preparation of amithiozone. 
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12.2 
3.6 
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of 3.7 gm. of amithiozone had been given over a period of slightly more than four weeks. 
This patient died the fifth day after the onset of the granulocytopenia and the writers 
stated “It was believed that the granulocytopenia may have contributed to the fatal out- 
come.”” No bone marrow studies were reported on this patient. 

The case herein presented demonstrates that amithiozone is toxic to the bone marrow 
even in small dosage. This effect should not be the occasion for surprise when its chemical 
relation to the thiouracil group of compounds is considered. The potential danger to the 
myeloid elements, even in small dosage, should, therefore, be considered whenever therapy 
with amithiozone is undertaken. 

Streptomycin has been reported as causing agranulocytosis. In the present case, how- 
ever, it seems unlikely that streptomycin was a factor, since no streptomycin had been 
given within eight weeks of the onset of the agranulocytosis. Also, a normal peripheral 
leukocyte count had been obtained on two occasions after cessation of the streptomycin 
prior to the development of the agranulocytosis. 


SUMMARY 


A case of agranulocytosis which developed in a patient receiving amithiozone is pre- 
sented. Emphasis is placed on the potential danger of this drug, even in small dosage, to 
the myeloid system. 


SUMARIO 


Agranulocitosis Debida a la Amitiozonoterapia 


El caso presentado es de agranulocitosis aparecida en un enfermo que recibié amitiozona 
Hacese hincapié en el peligro potencial que encierra esa droga, aun a dosis pequefias, para 
el aparato mieloideo. 


RESUME 


Agranulocytose résultant d’un traitement par l’amithiozone 


Présentation d’un cas d’agranulocytose chez un malade traité par |’amithiozone. Les 
auteurs attirent l’attention sur le potentiel de danger que ce composé, méme a faible dose, 
représente pour le systéme myéloide. 
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Notes 


PRESERVATION OF BCG BY FREEZE-DRYING 


This study is concerned with the modification of the original lactose method (Rosen- 
thal, S. R.; Ann. Inst. Pasteur, 1948, 75, 209) in which buffered salts, asparagine, and 
glycerin are also used with the lactose as an adjuvant. Results of the viability at varying 
lengths of time, when the vaccine was stored at different temperatures, are given, also 
the tuberculin conversion in animals and man, and the immunity produced in guinea 
pigs (preliminary report). 

Method: The yields were from 13- to 14-day-old cultures gathered from culture flasks 
(capacity 2,500 ml.) containing 500 ml. of Sauton. The fluid was siphoned off and stainless 
steel balls } inch in diameter (9 pounds) were added to the culture flask. Forty milliliters 
of distilled water were added and grinding at 30 r.p.m. was done for fifteen minutes on a 
vertical rotary (Rosenthal, 8. R.; A new method of BCG production, Am. Rev. Tuberc., 
1951, 64, 698) ; 200 ml. of 18 per cent lactose (compensate for the 40 ml. of water) adjuvant 
were added.' A sample was withdrawn from the suspension, and the concentration de- 
termined by comparing with known BCG standard or by turbidometric methods, using 
the Coleman’s spectrophotometer. The desired concentration was adjusted by adding the 
15 per cent lactose adjuvant. In this study, 30 mg. per ml. of vaccine were used unless 
otherwise indicated 

The mixture was allowed to stand for three to five hours, with frequent shaking. One 
milliliter of the suspension was dispensed in 5 ml. ampules covered with a rubber cap, 
and the suspension was quickly frozen in a mixture of finely ground dry ice plus 95 per 
cent alcohol. The ice mixture should have the consistency of thick mush. The ampules 
were frozen at an angle of 15° above the horizontal. They were quickly wiped and placed 
in U-shaped (6 by 4 inches by } inch) stainless steel chilled trays, which touched three 
sides of the ampules and extended above the ampules proper for approximately one-half 
inch. Four thicknesses of gauze were tied over the upper and side openings of the trays so 
that the mouths of the ampules were protected from the outside air. The trays with the 
vials were placed in a deep-freeze (30°C.) and allowed to remain there for at least an hour. 
The drying was carried out in a Strumia blood plasma machine.? The trays were placed 
in the drying chamber and the vacuum was immediately turned on. The drying was con- 
tinued for forty to forty-eight hours. As a rule, a vacuum of 500 microns was realized in 


' Solution I: (a) Dissolve 15 gm. (or 18 gm., see above) of lactose in 75 ml. of distilled 
water. Filter the solution through a paper filter and autoclave at 120° C. twenty min- 
utes. Solution II: (a) To 100 cc. of distilled water add the following: asparagine, 0.4 gm.; 
citric acid, 0.2 gm.; potassium hypophosphate, 0.05 gm.; magnesium sulfate, 0.05 gm.; 
glycerin, 6.0 gm. Dissolve the above materials by gently warming after complete solution, 
add 0.005 gm. of iron ammonium citrate. Cool and adjust the solution to a pH of 7.4 with 
ammonia water. (Merck, 30 per cent NH, is a satisfactory reagent.) Autoclave for forty 
minutes at 120° C. Solution III: (a) Using sterile technique, mix Solution I and Solution II 
in the proportion of three parts of Solution I to one part of Solution IT. 

* More recently, a freezing unit of the Oppenheimer design (manufactured by Procter 
and Schwartz, Philadelphia) was used, in which freezing is done in a compartment at a 
temperature of —60° to —70° C. and heat is applied by infrared radiation so that the drying 
cycle is cut down to approximately seven hours. This study will form the basis of another 
publication. 
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twelve minutes and 100 microns within one-half hour. The chamber was stabilized at 
approximately 10 to 30 microns. No heat was applied, but the natural heat of the machine 
caused the chamber temperature to rise to 30°C. after six to eight hours, and 34° to 36°C. 
after twelve to twenty-four hours. The temperature did not exceed 38°C. The vacuum 
was broken with dry nitrogen filtered through glass wool, and the ampules were sealed 
by heat immediately. The ampules were stored as follows: in the refrigerator (4° to 6°C.), 
at room temperature (22° to 30°C.), at incubator temperature (37°C.), in the deep-freeze 
(minus 18° to 20°C.). 

An accurate viable count of tubercle bacilli, including BCG, is difficult with the present 
methods, since clumping occurs irrespective of the adjuvant used (asparagine, lactose, 
glucose, milk, serum, Tween 80, et cetera). Since the effectiveness of BCG vaccine is in 
a great measure dependent upon its viability, improvements of methods for its determina- 


TUBERCULIN CONVERSION IN INFANTS VACCINATED AT BirRTH 


FRESH | DRIED 


Number Number Percent | Number | Number | Per cent 
Tested Positive | Positive Tested Positive | Positive 


43 


3 months 
6 months 
12-18 months 


os 


7 
7 
58 
33 
28 
27 
11 
12 
7 
18 
7 
20 
63 


| 


* All positive at 58 days and over. 
Total tests: Fresh vaccine, 164; dried vaccine, 299. 
Total persons: Fresh vaccine, 145; dried vaccine, 178. 


tion are necessary. After freeze drying, it was noted that the organism takes longer to 
develop visible growth in high dilutions (six weeks instead of three weeks for the fresh) 
and is inhibited in growth when placed on solid media. When the dried vaccine is injected 
into humans, there is a delay in the tuberculin conversion as compared with the fresh 
vaccine. Thus, it would appear that, after processing, BCG assumes a partial state of 
dormancy as evidenced by a prolonged lag phase in growth and tuberculin conversion. 
It is recommended that tests for viability be done, using large aliquots of vaccine (4 ml. 
of the standard concentration), fluid media (Youmans plus 0.5 per cent albumin is ideal) ; 
and that incubation be carried out for at least six weeks without disturbing for the first 
three weeks. Verification on solid media of the last dilution showing growth, as well as 
the one beyond, is also recommended since growth will occasionally occur in a dilution 
where gross particles were not seen. Since clumping is a factor and since the processing 
may rearrange such clumps, an experimental error of one log, plus or minus, in the dilu- 
tions is allowed. 


\ \ 
| 
DAYS | 
1-7 9 1 | | | 
8-14 28 7 25 
15-21 53 32 | 8 | 
22-28 27 9 | 70 
29-35 10 10 100 79 
36-42 11 11 100 | 85 | 
43-49 9 9 | 00 | 91 
50-56 8 8 100 75 | 
57-63 4 4 100 86* 
64-3 mos. 5 5 100 100 
100 
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In the present study it was shown that lactose dissolved in a mixture of asparagine, 
buffered salts, and glycerin gave excellent results, superior to lactose dissolved in water, 
as reported previously. 

With due consideration for an experimental error of one log, plus or minus, growth 
before and immediately after freeze drying occurred in practically the same dilutions when 
stored at 4° to 6°C. Growth at six weeks, three months, and twelve to twenty months 
remained more or less constant. Immediately after drying, one lot grew at 10~* dilution, 
one at 10~*, and 14 lots at 10-7 to 10~*; whereas, after twelve to twenty months of stor- 
age, one lot grew at 10~°, 5 at 10~*, and 10 at 10-7 to 10~°. Thus, 15 of 16 lots of vaccine 
after twelve to twenty months of storage yielded growth when diluted from 1:1,000,000 
to 1:1,000,000,000. As 4 ml. of the vaccine was used in the viability studies, the actual 
dilution theoretically can be doubled. No attempt is made to reduce the figure to milli- 
grams since the method of determining weight varies with the degree of moisture and thus 
is not comparable to other studies. It is recommended that only the viability in fluid 
media be used as the criteria of vaccine concentration. Two lots kept in the deep freeze 
(—16° to 20°C.) grew at a 10~° dilution, the same as for its control kept at 4° to 6°C. 

When kept at room temperature, the vaccine showed no serious loss of viability up to 
six weeks and slightly more up to three months. However, at a year to twenty months, 
many lots showed a marked loss of viability. When the vaccine was kept in an incubator 
at 37.5°C., some loss of viability occurred at six weeks, but it was not a serious one since 
growth occurred in dilutions of 10~* to 10~’. After this time there was a rapid decrease in 
the viability of the vaccine. Much of the loss of the viability is believed to be due to the 
moisture content of the vaccine. (By this method the vaccine contained 0.5 per cent of 
moisture or less.) When the vaccine is kept at refrigerator temperatures, this moisture is 
not deleterious; but, when kept at room temperature or incubator temperature, it becomes 
definitely detrimental. 

Conversion of the tuberculin reaction in animal and man compared favorably with 
that of the fresh vaccine except that there was a delay with the dried vaccine. For infants 
vaccinated at birth (two to three days old), universal conversion occurred at twenty- 
eight days for the fresh vaccine (164 tests on 145 infants) against fifty-eight days for the 
dried material (299 on 178 infants). At twelve to eighteen months, all of the infants tested 
(68) were strongly positive to the Vollmer patch test (see table). 

The preliminary report on the immunity produced in guinea pigs indicates that using 
twice to three times the concentration of the preserved vaccine as of the fresh, the survival 
rate was higher for the dried vaccine; 90 per cent for the dried as compared with 78 per 
cent for the fresh, when 50 per cent of the controls were dead. The multiple puncture 
method was used for vaccinating. (These studies were conducted with Drs. W. H. Feldman 
and A. G. Karlson of Mayo Foundation, Rochester, Minnesota.) 

The morphology and staining properties of the freeze-dried bacilli were basically 
unchanged. The pathology produced in animals as well as the local lesions in guinea 
pigs and humans are similar to those of the fresh vaccine. 

Sot Roy RosenrHa. 
University oF ILLINOIS 
INSTITUTION FoR TUBERCULOSIS RESEARCH 
Caicaco MunicipaL TusercuLosis SANATORIUM 
Researcu Founpation 
Cricago, ILLrNots 


July 23, 1951 


Books 


REPORT OF THE COMMITTEE ON REHABILITATION NEEDS OF PATIENTS IN PuBLIC TUBER- 
cuLosis Hospirats In Upstate New York. 


The committee issuing this report was appointed by the New York State Commis- 
sioner of Health and charged with the responsibilities of making a factual study of the 
needs for rehabilitation services and of recommending provisions for proper total care of 
tuberculosis patients in the New York State hospitals. 

In the foreword of the report the Commissioner of Health, Dr. Herman E. Hilleboe, 
states that 


the need and importance of rehabilitation services for the tuberculous have been honored in 
numerous verbal affirmations, but in relatively few programs of action. Restoration of the 
tuberculous individual to the fullest personal, social and economic effectiveness has been 
repeatedly acclaimed as an indispensable objective of all clinical and control programs. 
There has, however, been a tendency to assume that the utterance of the ideal is tantamount 
to its achievement. 


The Committee had seven highly competent members, and it has presented a realistic 
and objective appraisal of the current inadequacies of rehabilitation services in the hospi- 
tals and a detailed statement of needs which, Dr. Hilleboe states, “soon must be satisfied 
if the discrepancy between our promise and performance is not to be greater than in- 
tegrity will allow.” 

The study of the Committee was concerned with occupational therapy, recreational 
and diversional programs, medical social service, in-hospital education, prevocational 
testing and counselling, vocational training and referral for post-hospital vocational 
training, which are grouped under the term Extra-Clinical Services. 

A valuable feature of the study is that it deals with the actual needs of individual 
patients in four representative state hospitals in which there were 715 patients. These 
hospitals were selected on the assumption that the summary data compiled therefrom 
would present a useful factual base for establishing a total rehabilitation program in any 
tuberculosis hospital or sanatorium. After collecting identifying and medical data and a 
careful evaluation of the prognosis and activity-potential of each patient, individual 
patients were interviewed to determine their need for and interest in extra-clinical services, 
and the problems of each patient were reviewed at a case conference with the hospital 
administrator, doctor and nurse in charge of the patient, and with an occupational thera- 
pist, social worker, and representative of the other extra-clinical services. 

A more intensive study was made of the 400 patients with a favorable prognosis. 

The data collected and analyzed are discussed and presented in tables in sections on: 
(1) Diagnosis and Personal Data; (2) Prognosis; (3) Attained Educational Level; (4) 
Educational Needs; (6) Socio-Economic Problems; (6) Occupational Background; (7) 
Vocational Rehabilitation Needs; and (8) Post-Hospital Referrals. 

The extra-clinical services and personnel currently available in the fourteen public 
tuberculosis hospitals in New York State of more than 100-bed capacity, exclusive of those 
operated by New York City, are also tabulated. These data indicate the extent to which 
the needs of patients, as determined by the study of individuals, are at present unmet. 

The Committee presents an outline of the professional services needed to meet the 
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requirements of patients in occupational therapy, medical social service, educational 
program, courses in homemaking, and vocational rehabilitation counselling. The factual 
data presented have been analyzed to demonstrate the distribution of the need for the 
various extra-clinical services, the relative volume and quantity of such services already 
available in the hospital studied, and the contrast of the current needs of patients with 
existing services. The Committee is of the opinion that the collected facts demonstrate 
that the scope of the services which are recommended is reasonable. 

The correlation of needs with the recommendations is presented in a value table in 
which are given for each type of service the percentage of patients needing the service 
and the recommended case load for a worker in each type of service. This table should 
serve as a very useful means of determining the size of the staff required to render ade- 
quately each type of service in hospitals of various sizes. 

This report is highly recommended to those interested in the development of extra- 
clinical services in tuberculosis hospitals. It should serve to arouse greater interest in this 
field as an essential part of medical care of tuberculosis patients, as it indicates the methods 
by which the emotional stress and strain of patients can be lessened and how the patients 
may be restored to personal, social, and economic effectiveness during their medical care 
in the hospital. 

The report is issued as a twenty-eight-page pamphlet with the assistance of the Com- 
mittee on Tuberculosis and Public Health of the State Charities Aid Association. Inquiries 
regarding copies of the report should be addressed to: Mr. Robert W. Osborn, Executive 
Secretary, 105 East 22nd Street, New York 10, New York. 

G. Canpy Roprnson 
Baltimore, Maryland 


A TextTsook or Mepictne. Eighth edition. Edited by Russell L. Cecil and Robert F. 
Loeb. Pp. 1,627, W. B. Saunders Company, Philadelphia and London, Price, $12. 


The first edition of this textbook was published in 1927, and it has now undergone seven 
revisions. Since the time of the first edition, it has become an increasingly difficult task 
to condense into a single volume adequate discussions of the multitude of conditions en- 
countered in the practice of medicine. Over this interval, many new clinical entities have 
been separated from larger categories, and enormous advances have taken place in the 
application of the basic sciences. Furthermore, there has been a significant shift in the 
relative importance of many diseases necessitating shifts in emphasis in medical teaching. 
The way in which this changing picture has been handled in this edition is a real tribute 
to the editorial staff consisting of Drs. Cecil and Loeb, as Co-Editors, and Drs. Gutman, 
McDermott, and Wolff, as Associate Editors. 

The individual essays on the various conditions, as well as the introductions to the 
natural groups of diseases, have been contributed by a group of more than one hundred 
and fifty distinguished physicians, each writing, for the most part, on the field in which 
he achieved distinction. Many of these essays have, through the several revisions, acquired 
a polish and conciseness of language which makes them delightful to read as well as models 
of compact information. Physiologic and biochemical alterations have been stressed and 
are discussed in connection with the diseases in question rather than segregated in a 
special section of the book. The emphasis has properly been placed on those conditions 
which are encountered in daily practice in this country. The text is arranged in logical 
order, and the index is excellent. A useful table of normal values for various laboratory 
procedures is appended. 
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It is difficult to find valid criticism of this book as a whole. Relatively few of the dis- 
cussions are disappointing but, in the main, these represent the less common diseases or 
those of restricted geographical importance. It is possible that, in some instances, better 
use could have been made of the space devoted to bibliography, and a uniform basis for 
the selection of references would enhance their value to the student. 

The medical student and the general practitioner, as well, will find this text entirely 
satisfactory for their needs. The physician who is practicing the specialty of internal 
medicine could read the book with considerable profit, although no single volume could 
possibly cover the minutiae with which he must be familiar. This well-known textbook, 
in the most recent edition, remains the standard of excellence for such works. 

Joun Apcock 
Ann Arbor, Michigan 
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American Trudeau Society 
Medical Section of the National Tuberculosis Association 


Reports of the Committee on Therapy and of the Laboratory Subcommittee 
of the Committee on Medical Research 


REPORT OF THE COMMITTEE ON THERAPY 


The Committee on Therapy met at the Hotel Statler, New York, N. Y. on October 8, 
9, and 10, 1951, beginning at 2:00 p.m. on October 8. All members of the Committee were 
present except Dr. Norman J. Wilson, who was unable to attend. 

Present for parts of the meeting also were Dr. John H. Skavlem, President, American 
Trudeau Society; Dr. Esmond R. Long, Director of Medical Research; and Drs. Paul 
Bunn, Harold Gentry, Walsh McDermott, Gardner Middlebrook, Carl Muschenheim, 
Ralph Tompsett, and H. Stuart Willis, as well as Misses Virginia Cameron and Virginia 
Belsito. 


Study on ACTH and Cortisone 


The first question considered by the Committee on Monday afternoon, October 8, was 
a question which had been called to its attention at the annual meeting in May 1951, 
that of the possible effect of either ACTH or cortisone on active or latent tuberculosis in 
humans. Dr. Robert Ebert of Chicago had consented to carry the major responsibility 
for this study. During the summer a letter was prepared stating the problem and inviting 
the cooperation of physicians throughout the country who had had experience with this 
problem to cooperate with the American Trudeau Society in the collection of pertinent 
data. Such letters have been sent to the editors of four journals, the Journal of the Ameri- 
can Medical Association, Tut AmMeRcIAN Review or Tupercuosis, the New Eng- 
land Journal of Medicine, and the Annals of Internal Medicine, and have been published 
in recent issues of the first three of these journals. In addition, individual letters have been 
sent to 95 investigators and institutions where work with these hormones is known to 
have been done. These letters were sent the latter part of August, and only a short time 
has elapsed in which to obtain a response. Yet in this relatively brief interval the coopera- 
tion of a number of individuals has been most gratifying, and it was possible for the Com- 
mittee, on the basis of both animal experimentation and a review of clinical material 
available, to determine that a continuation of this effort is justified, and to prepare the 
following brief report at the present time: 


A study is in progress on the effects of ACTH and cortisone in tuberculous infec- 
tion in man. The method is to collect data from physicians throughout the country 
who have observed the progress of tuberculous infections coincident to the treat- 
ment of other diseases with these hormones. To date a relatively small number of 
reports have been received which indicate unfavorable progress of tuberculosis 
during or after hormone therapy. An equal number have indicated no effect on 
tuberculous infection. It is too early in the course of this study to draw any definite 
conclusions about the effect of cortisone or ACTH on the course of tuberculous 
infection in man. Certain difficulties are inherent in the problem. First, it is often 
difficult to determine if unfavorable progress of tuberculosis was in fact due to 
hormone therapy. Second, it is not possible to determine with accuracy the number 
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of cases of apparently inactive tuberculosis treated with ACTH or cortisone in 
which no effect was observed. Third, the preliminary results suggest that the action 
of ACTH and cortisone may not be identical. It is planned that a further report 
will be submitted in May, 1952. 


The Committee on Therapy recommends to the Committee on Medical Research that 
continuation of this study be approved. 


The Problem of the “Good Chronic” Patient 


On Tuesday morning, October 9, the Committee considered the problem of the so-called 
“good chronic” patient with tuberculosis, and his disposition. Under the leadership of 
Dr. Kirby Howlett the Committee has prepared a statement on this subject which it 
desires to submit for publication in the Committee section of the AMERICAN REVIEW OF 
TUBERCULOSIS in the near future. The Committee undertook to consider this problem, 
in part, in response to requests from the New York office of the National Tuberculosis 
Association for advice on this question; and, in part, because it believes it is a problem of 
considerable magnitude for tuberculosis physicians. 

The Committee recognizes that the designation of this group of patients as “good 
chronics” is not entirely satisfactory, and hopes to be able to formulate a more acceptable 
descriptive phrase for their designation. It has defined such cases briefly, however, as 
those with extensive chronic disease reasonably well stabilized, with cavitation and 
fibrosis, with variable but generally minimal symptoms, with usually positive bacteri- 
ologic findings, and those in whom standard accepted forms of therapy are not likely to 
achieve the goal of “inactive” tuberculosis. It has recognized that the problem of the so- 
called “good chronic” tuberculosis patient is a psychologic problem, an economic problem 
to the patient, and an economic problem to the community. In considering possible solu- 
tions of the problem, the Committee believes that rapidly changing advances in the therapy 
of tuberculosis will need to be kept in mind, but that in general three major approaches 
are open: (1) home care, (2) care in special institutions and sheltered communities, and 
(8) continued hospitalization in regular tuberculosis sanatoriums and hospitals, perhaps 
with special consideration given to special needs. The advantages and disadvantages of 
each of these were carefully considered, but the Committee was unanimous in recom- 
mending that for the majority of patients in this category the third solution is the best, 
i. e., continued care in regular tuberculosis hospitals, although it is recognized that in- 
dividualization is always necessary and that solutions must vary with the communities 
in which these problems exist. 

Only the following conclusions of the Committee’s statement will be presented at this 
time: 


The objective in the management of patients with ‘“‘good chronic”’ tuberculosis 
is the actual cure and rehabilitation of as large a proportion as possible. Other 
problems connected with them should, in most instances, be subordinated to this 
objective. The proportion amenable to cure {s growing steadily as new therapeutic 
attacks are developed, and there is good reason to hope that this proportion will 
grow still larger as progress in therapy continues. The general policy of hospital- 
izing “‘good chronic”? patients in regular tuberculosis hospitals and sanatoriums 
is the one best designed to serve this objective. 


The Committee on Therapy recommends to the Committee on Medical Research the 
adoption of this report, and its approval of the publication of the statement on this prob- 
lem in the AMertcan Review or TuBERCULOSIS. 
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Joint Session with Laboratory Subcommittee of the Committee on Medical Research 
On Tuesday afternoon, October 9, the Committee on Therapy met jointly with the 
Laboratory Subcommittee of the Committee on Medical Research, re-emphasized its 
conviction that it is advisable for these two committees to continue to work closely to- 
gether in the consideration of problems of mutual interest to the Society. The Committee 
on Therapy was grateful for the opportunity to discuss with the Laboratory Subcommittee 
the three subjects proposed: (/) the present status of the statements prepared by last 
year’s committees on the sensitivity of tubercle bacilli to certain drugs; (2) suggestions 
for increasing its knowledge of the bacteriologic findings in tuberculosis treated with pro- 
longed courses of combined streptomycin and PAS therapy; and (8) the present status 
of the hemagglutination test. The results of the joint discussions of these subjects will 
be included in the report of the Laboratory Subcommittee, and have the unanimous 
endorsement of the Committee on Therapy. 
The Committee on Therapy recommends to the Committee on Medical Research that 
it continue to support the principle of joint action by these two committees. 


Joint Session with Subcommittee on Retrospective Studies on Therapy 
On Wednesday morning, October 10, the Committee on Therapy met jointly with its 
Subcommittee on Retrospective Studies on Therapy to hear and consider a report of 
the latter Subcommittee. This committee, under the Chairmanship of Dr. Roger Mitch- 
ell, had met independently for the previous two and one-half days, October 7 to 9, 
inclusive. Present were the following members of the Subcommittee: Drs. H. H. Fellows, 
Hiram T. Langston, and W. Spencer Schwartz, Mrs. Shirley Ferebee, and Dr. Roger 


Mitchell, Chairman. Dr. Rufus Payne was unable to be present. Various other individ- 
uals met with the Subcommittee at one time or another. 

Following the recommendation of last year’s Clinical Subcommittee, approved by 
the Committee on Medical Research, this Subcommittee on Retrospective Studies on 
Therapy had been charged with the detailed consideration of the feasibility and the 
mechanics of planning a cooperative venture designed to bring forth more data and 
more uniform data on the results of certain forms of therapy of tuberculosis than have 
heretofore been available. 

The report of the Subcommittee to the Committee on Therapy was carefully considered 
by the latter Committee in joint session, and was approved by the Committee on Therapy. 
It is offered to the Committee on Medical Research for its approval. 

In addition to preparing this report, the Subcommittee on Retrospective Studies on 
Therapy devoted considerable time to the preliminary stages of planning the actual steps 
which will need to be taken if the collection of data is to get under way. In brief, the data 
would include such items as (1) identifying characteristics, (2) descriptions of the disease 
treated, (3) details on the therapy employed, and (4) observations on results at various 
points in time in the follow-up period. 

It is the intention of the Subcommittee to hold two additional meetings this year, in 
St. Louis in January and in Boston in May. The present report of the Subcommittee is 
in essence a progress report, and it is to be expected that the Subcommittee will require 
some additional time in which to complete its survey of the problem. It may also be 
anticipated that it is possible that, before the end of the present fiscal year, the Sub- 
committee will need to be supported financially to a small extent. After discussing these 
problems fully with the Subcommittee, it was the unanimous feeling of the Committee 
on Therapy that the Subcommittee had made an exceedingly promising beginning on a 
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most difficult undertaking, and that it is justified in continuing its planned further con- 
sideration and exploration of the problem. 

The Committee on Therapy recommends to the Committee on Medical Research that 
the report of the Subcommittee on Retrospective Studies on Therapy be accepted, and 
that it approve the planned continued exploration of this problem. 


Therapeutic Problems in Thoracic Surgery 


On Wednesday morning, October 10, the Committee also gave consideration to a 
question raised in correspondence by its thoracie surgical representative, Dr. Norman 
Wilson, viz., consideration also by the Committee on Therapy of matters of more pri- 
mary concern to thoracic surgeons. Dr. Wilson had written to a number of interested 
thoracic surgeons in this regard and, in response to this inquiry, the following possible 
topics for consideration have been brought to the attention of the Committee on Therapy: 


1. ‘‘Medium-late”’ results of resection for pulmonary tuberculosis. 

2. The role of pneumoperitoneum in the preparation of patients for resectional sur- 
gery, and the evaluation of pneumoperitoneum, phrenic nerve interruption, and 
thoracoplasty as post-resectional protective measures. 

. The exact status of the “protective” role of streptomycin and PAS in tho- 
racic surgery, with respect to such matters as postoperative “‘spreads’’ and other 
complications. 

. The significance of the necrotic residual, with or without prolonged chemo- 
therapy, with especial reference to the potentialities of such lesions for extension 
and dissemination of tuberculous disease, so that the role of resectional surgery 
in such cases may be more accurately defined. 


These questions, as well as the entire problem of matters of joint interest to thoracic 
surgeons and phthisiologists, were carefully considered by the Committee on Therapy. 
It was the decision of the Committee that undoubtedly from time to time questions of 
especial interest to thoracic surgeons would be appropriate for consideration by the Com- 
mittee on Therapy, and that adequate representation by both internists and thoracic 
surgeons should be assured for such discussion and consideration. With regard to the four 
specific questions raised, however, valid as they are, the Committee did not believe that 
the existing organization of the American Trudeau Society was suitable for obtaining 
definitive answers, but believed that information on these points might be expected to be 
forthcoming from other studies now under way; for example, the cooperative investigation 
of the Veterans Administration, Army, and Navy. The Committee on Therapy reiterated 
its belief that as a committee it is primarily designed to prepare and issue semi-authori- 
tative statements concerning what constitutes good practice in the treatment of tuber- 
culosis and is not designed primarily to answer specific research questions. 

The Committee on Therapy suggests that the Committee on Medical Research endorse 
this attitude with respect to the appropriate relationship between the closely related 
fields of thoracic surgery and internal medicine within the framework of the American 
Trudeau Society and these committees. 

Other Topics and Future Meetings 

On Tuesday afternoon, October 9, and Wednesday morning, October 10, the Com- 
mittee also considered certain other topics which had been brought to its attention. In 
planning its agenda for the remainder of the year, it has decided to hold a second meeting 
in Boston, prior to the annual meeting next May, to consider the following: 


1. Further evidence on the effects of ACTH and cortisone on tuberculous infection 
in man. 


| 


AMERICAN TRUDEAU SOCIETY 355 


. Further consideration with the Laboratory Subcommittee of special subjects of 
mutual interest, with a particular request to the Laboratory Subcommittee 
that in May data on the effects of ACTH and cortisone on experimental tubercu- 
losis in different species of animals may be presented, so that the two committees 
may jointly more adequately survey this entire problem. 

. Further consideration of the work of the Subcommittee on Retrospective Studies 
on Therapy. 

. Preparation of a brief statement on the current status of prolonged combined 
streptomycin and PAS therapy as an addendum to the statement on the status of 
the chemotherapy of tuberculosis prepared by last year’s Clinical Subcommittee, 
which may also include reference to the place of resectional surgery of necrotic 
foci in connection with such prolonged combined chemotherapy. 


The Committee also considered the advisability and feasibility of preparing a state- 
ment for guidance of the membership of the Society in the treatment of tuberculous 
meningitis, considering the many variables in current practice which have been incom- 
pletely evaluated. Of special interest is the question of whether intrathecal streptomycin 
therapy may be omitted without lessening the therapeutic effect. Other points requiring 
evaluation are the optimal duration of therapy, the optimal dosage of PAS to be given 
with streptomycin, and the efficacy of intrathecal injections of tuberculin and of strepto- 
kinase and streptodornase. It was agreed that this is an important subject but that 
evidence on these points is in too preliminary a stage to warrant a definitive statement 
at the present time. The hope was expressed that this subject might be considered again 
by next year’s committee. 


Approval of Report 


The Committee on Therapy requests of the Committee on Medical Research the adop- 
tion and approval of the above report. 


Respectfully submitted, 


Rosert O. CANADA 
Davin T. Carr 

Rosert H. Expert 
Kirey 8S. How tert, Jr. 
Wituam M. M. Kirsy 
Roger 8. 
M. Peck 
Norman J. WILSON 


B. Tucker, Chairman 


REPORT OF THE LABORATORY SUBCOMMITTEE OF THE COMMITTEE ON MEDICAL RESEARCH 


The Laboratory Subcommittee met at the Hotel Statler, New York, N. Y., on October 
9, 1951, beginning at 9:30 a.m.; discussion and agreements reached included the fol- 
lowing: 

1. The statement on methods for performing streptomycin and para-aminosalicylic 
acid sensitivity tests of tubercle bacilli was unanimously approved, with slight revi«:ons, 
for publication in the American Review or TUBERCULOSIS. 

2. Regarding the question of whether there were any new antituberculous agents with 
sufficient laboratory trial to be recommended for clinical evaluation, it was the opinion 
of the Subcommittee that viomycin is the only new drug that merits such attention at 
this time. It was agreed that clinical and laboratory trials to date indicate that viomycin 
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has shown a beneficial effect in both human and experimental tuberculosis, regardless of 
whether the infection is due to streptomycin-sensitive or streptomycin-resistant tubercle 
bacilli, and that present dosages used in human beings show sufficient toxicity to warrant 
careful continued study before the drug is made available commercially. 

3. In view of the difficult problem of bacteriologic evaluation which faces clinical and 
laboratory workers because of the expanding use of prolonged courses of combined strepto- 
mycin and PAS chemotherapy in tuberculosis, with the attendant difficulty in demon- 
strating tubercle bacilli from pulmonary excretions (sputum and gastric washings), 
and because of the fact that during and after such prolonged therapy it is occasionally 
observed that positive smears, but not positive cultures, for acid-fast organisms are ob- 
tained, the Subcommittee agreed that additional information is needed concerning (a) the 
viability and virulence of tubercle bacilli from pulmonary excretions after prolonged 
combined therapy, and (b) the bacteriology of tubercle bacilli in necrotic tissue obtained 
from specimens of resected lung tissue from patients who have received varying amounts 
of chemotherapy. 

It was the opinion of the Subcommittee that it is of utmost importance that laboratories 
equipped to do so study this problem by (a) carrying out routine guinea pig inoculations 
of specimens of pulmonary excretions and gastric washings after prolonged chemotherapy, 
and (b) performing careful bacteriologic examinations of excised surgical specimens 
with particular emphasis upon smears as compared with both guinea pig inoculation and 
cultures from necrotic tuberculous foci, even though this may lessen the adequacy of 
pathologic examination. 

4. The Subcommittee believes that the hemagglutination test is still primarily a 
research tool of potential value in the investigation of the immune processes of tubercu- 
losis and that it is not applicable for routine diagnostic clinical use. The Subcommittee 
wishes to continue to encourage investigative work in this field, especially a study of the 
significance and mechanisms of false positive reactions obtained with this test. 

In the afternoon the above subjects were further discussed at a joint meeting of the 
Committee on Therapy and the Laboratory Subcommittee, at which session the members 
of both committees unanimously voted to recommend the foregoing report to the Com- 
mittee on Medical Research of the American Trudeau Society. 

Respectfully submitted, 
Wituam E. Dre 
Guapys L. Hossy 
GARDNER MIDDLEBROOK 
FRANK PRINCI 
Guy P. Youmans 


STEENKEN, Jr., Chairman 
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ERRATUM 


In the abstract entitled ‘Bovine Bacilli’ (Am. Rev. Tuberc., Abstract Section ‘“Labora- 
tory Studies”, November, 1951, 64: 100), the sentences “Bovine bacilli are arranged in 
oblong and sinuous formations called ‘‘moustache”’ forms. These are not seen with human- 
type bacilli.”” should read ‘‘Human bacilli are arranged in oblong and sinuous formations 
called ‘‘moustache’’ forms. These are not seen with bovine-type bacilli.”’ 
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streptomycin 


SULFATE 


SOLUTION 


ready for use... 


without reconstitution 


without refrigeration 


Each drop of Crystalline Dihydrostreptomycin Sul- 
fate Solution freely flows through a 22-gauge needle 
—at a touch of your finger tips. 

This new preparation, derived from pure Crystal- 
line Dihydrostreptomycin Sulfate, presents the 
ultimate in easy “syringeability”: it is immedi- 
ately ready for use—injection procedure is rapid 
and virtually effortless. 


Each 2 ce. provides the equivalent of 1.0 Gm. of 
pure dihydrostreptomycin base. 
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PROTECTIVE PADS 


provide greater patient comfort and convenience by 


virtue of their capacity to absorb fluids instantly ...in 
large volume ... with freedom from bunching or collapse 
of cellulose wadding often caused by constant body 
movements. 

STAYS PUT!—Fibredown Protective Pads are unex 
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This Fibredown processing feature means less irrita 
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Cost of binding, $4.00 per binding 
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numbers 
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CONVENIENCE — Just one effervescent 
PARASAL tablet (2.0 Gm.) replaces 5% 
0.5 Gm. tablets of sodium PAS . . . does 
away with filtration and storage problems 
... provides a fresh, fully potent solution 


of sodium PAS containing 2.0 Gm. free 
PAS. 


ECONOMY — Fiffervescent PARASAL 
tablets eliminate the high costs of extra 
labor . . . wasted batches . . . refrigeration 
. . . lengthy calculations, Simply use 
tablets as needed, 


PALATABILITY— Effervescent 
PARASAL tablets are pleasantly mint 
flavored, and are readily taken — even by 
children — in cold water, citrus juice or 
cola drinks. 


Supplied: Vials of 20; boxes of 100. 


In the treatment of tuberculosis, 
no other oral PAS preparation has the out- CORP. 
standing advantages of these effervescent 


PARASAL tablets. Write today for complete 
information. 


340 CANAL STREET, N.Y.13, N.Y, 
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chest x-ray 
patients 
on admissior 


Make this step for- 
ward by adding the 
Powers Magazine 
Cassette to your 
present equipment. 


X-Ray Paper for the 

Magazine Cassette 

comes in conve- 

nient rolls—perforated so that radio- 
graphs are individually processed with 
standard equipment and chemicals. One 
roll makes 50 full size radiographs. 


You can avail yourself of 
this equipment without 
investment. Write for 
complete information and 
literature. 


POWERS X-RAY 


PRODUCTS, INC. 


U8. op 


GLEN COVE, LONG ISLAND, N. Y. 


Maryknoll 
SANATORIUM 


(Maryknoll Sisters) 


MONROVIA, CALIFORNIA 


e A Sanatorium for the treatment of cu- 
berculosis and other diseases of the lungs. 
Located in the foothills of the Sierra 
Madre Mountains, Southern exposure. 
Accommodations are private, modern, 
and comfortable. Rates are moderate. 
General care of patient is conducive to 
physical and mental well being. 


Sister Mary Prera, R.N. 


Superintendent 


E. W. Hayes, M.D. 
Medical Director 


NORTH CAROLINA 


@ North Carolina offers phy si 
cians unusual opportunities for profes 
sional growth and research in the field 
of pulmonary diseases. I's four tubercu 
losis hospitals provide a wide variety 
of cases, both tuberculous and non 
tuberculous for study and treatment 

@ Positions are available at 
attractive salaries for physicians with 
experience or those new to this field 
Responsibilities can be adjusted to 
needs for those convalescing from tu 


berculosis 


H. S. Willis, M.D., Superintendent 
North Carolina Sanatoria 


McCain, North Carolina 
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HANOVIA 
OLTRAVIOLET 
IRRADIATION 


a valuable therapeutic supplement 
in the treatment 
of dietary deficiencies 


Hanovia 
Prescription Model 
Ultraviolet Lamp 
evailable on 

easy payment terms 


Exposure of the skin to the proper wavelengths 
of ultraviolet light forms vitamin D within the 
organism and improves the absorption and 
utilization of calcium, nitrogen, and phos- 
phorus. It exerts a glycogen storing effect, 
preventing the lowering of the respiratory quo- 
tient after muscular exercise, which lowering 
is due to glycogen impoverishment.' 

Bierman’ reported, blood changes pro- 
duced by ultraviolet radiation are: increased 
number of red and white cells and platelets, 
lowered blood sugar, increased sugar tolerance, 


increased blood calcium, relative lymphocy- 
tosis and eosinophilia.” 

In cases where frequent office visits are im- 
practical or undesirable, satisfactory treatment 
may be maintained in the home, under your 
supervision, with a Prescription Model 
Hanovia Ultraviolet Quartz Lamp. Available 
to your patients at surgical supply houses or 
write for literature to: 

Hanovia Chemical & Mfg. Co., Dept. TB-3. 
100 Chestnut St., Newark 5, N. J. Hanovia 
showrooms and dealers in principal cities. 


1 Council on Physical Medicine and Rehabilitation, A.M.A._ 1950. 
2 Bierman, Wm., “Physical Medicine in General Practice’, Paul P. Hoeber Inc., 1947 p. 290. 
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AND INCREASED HEMOGLOBIN LEVELS 


MAXIMUM BACTERICIDAL ACTION 


UTILIZATION OF 
CALCIUM, IRON, 
NITROGEN, 
PHOSPHORUS 


SIGNIFICANT RAYS FOR FORMATION OF GLYCOGEN 


ANGSTROM UNITS 


The specific wavelengths shown on the chart are the significant ones for the effects 
indicated. The effects, however, are not limited to those wavelengths alone, 
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TWELVE-YEAR CUMULATIVE INDEX 
AMERICAN REVIEW OF TUBERCULOSIS 


Every Review subscriber will welcome the news that a 
new Cumulative Index has been printed which will afford 
ready access to the wealth of scientific and clinical data 
embodied in the 144 issues published between January 1937 
and December 1948. The new index provides almost 10,000 
cross-references to more than 1,800 papers by some 3,000 


authors. 


Each of the 1,800 papers is fully indexed by author, 
title, subject, date of issue and page number. More than 500 
subject headings arranged alphabetically assure quick, easy 
location of any required article. 


The Cumulative Index is a paper-covered volume of 
200 pages in the same size as the Review itself, adaptable for 
binding in series with bound volumes of the Review. A price 
has been established which represents merely production 
and handling expenses—$2.50 postpaid (25 cents extra for 
foreign postage). 


AMERICAN REVIEW OF TUBERCULOSIS 
1790 Broadway, New York 19, N. Y. 


Send me _ copies of the new Cumulative Index for the 12-year period 1937-1948 
inclusive. I enclose payment at the rate of $2.50 a copy (25 cents per copy additional 
foreign postage). 


NAME 


CITY and STATE ___ 


Use this convenient order form to send your order — TODAY. 
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Thirty-eighth Session: 


TRUDEAU SCHOOL OF TUBERCULOSIS 


AT SARANAC LAKE, N. Y. 


In the Spring of 1952 
Four Weeks, Course Beginning 
APRIL 28TH 


Schedule of Instruction includes the history, etiology and epidemiology ; 
pathology, bacteriology, physiology and biochemistry; clinics and 
bedside teaching, including surgical and special treatments; fungus 
infections; pneumoconioses; pulmonary tumors, and differential di- 
agnosis of other lung disorders. 

Clinical Facilities Available: Trudeau Sanatorium, Ray Brook State 
Hospital, Stony Wold Sanatorium, Will Rogers Memorial, Sana- 
torium Gabriels, V. A. Hospital at Sunmount, N. Y., and the 
General Hospital of Saranac Lake (chiefly surgical). 

Research Facilities Available: Saranac Laboratory; Trudeau Labora- 
tory; Physiology and Biochemistry Laboratories; Ray Brook State 
Hospital Laboratory, and the X-Ray Laboratories of Trudeau, Ray 
Brook and Stony Wold Sanatoriums. 


Lectures, Demonstrations and Conferences conducted by the Staffs and 
other experienced local clinicians. By invitation, recognized authori- 
ties give lectures on specific subjects. 

Students Participate Actively in the study and discussion of cases. 

Fee for Four Weeks’ Course is $100.00, The Trudeau School has been 
approved for training under Public Law 346, and those desir- 
ing such an arrangement should clear their registration with 
the Veterans Administration before the session opens. The class 
is limited, therefore early application is advised. A few scholarships 
are available. 


For Schedule and other information write to 
Secretary, TRUDEAU SCHOOL, Saranac Lake, N. Y. 
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Simply snip off one end of PACKETTE 


with scissors. 


2 Pour contents in 4 oz. of water — 
immediate and complete solubility. 


Hellwig’s PACKETTES 
are easy to prescribe 
and pleasant to take 
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Para amino Salicylate Dihydrate is 
preserved in individual, moisture-proof, 
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Sm 
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counting tablets. No chance of 
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grams of neutral Sodium Para amino 
Salicylate Dihydrate (4.18 grams being 
equal to exactly 3.0 grams of free 
Para amino Salicylic Acid). The 
difference in weight is due to the 
molecular weight of the sodium and 


moisture (dihydrate content). 
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Chicago, Illinois 
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ROCK SANATORIUM 
SAN JOSE, CALIFORNIA 


Doctors Are Christmas Seal Collectors 


A hobby in which many members of the medical profes- 
sion find relaxation. You may indulge at home or office— 
any plece you have the small kit of necessary material. 
Inexpensive too—e collection of Christmas Seals finds a 
ready market. 


Start now by writing the Collectors Service, | 
National Tuberculosis Association, 1790 Broadway, New York 19, N.Y. j 


NATIONAL TUBERCULOSIS ASSOCIATION 
ANNUAL MEETING MAY 26-29, 1952 


BOSTON, MASSACHUSETTS 
The annual meeting of the National Tuberculosis Association will be held in Boston, 
Massachusetts, May 26-29, 1952. The Statler Hotel will be headquarters. 
Some 1500 rooms have been promised by the hotels listed below for the accommoda-  —“"*\_ | 
tion of those attending the meeting. Arrange to share a twin bed room if possible. 
Application for room reservations should be made directly with the hotel of your “a” 


choice. 

Hotel Address Single Twin 
Bellevue a1 Beacon Street $4.50- $7.00 $9.00- $13.00 
Bradford 278 Tremont Street $5.25- 37-0 $8 . 80- aged 
Copley Plaza pley Square $5.84- $7.85 $9.90- $14.00 
Copley Square Copley Square $4.00 $7.0co- 

re Kenmore Square 5-90" $8.50 $9. 50- $12.50 
Lenox Exeter Street -$0- $5.50 $9.00 
Manger North Station -75- 37:25 $8.00- $10.50 
Parker House School Street .00- $8.00 $10.00-$14.00 
410 Stuart Street 3. $3.75 $7.00 
| Shelton 91 Bay State Road $5.00- $7.00 .00- $10.00 
Somerset Commonwealth Ave. $8.00 $12.00 
Statler ark .00-$10.00 $12.00-$16.00 
Touraine 62 Boylston Street $9.00- $12.00 
Vendome 160 Commonwealth Ave. .00- $8.00 $7.00- $10.00 
University Club 40 Trinity Place $3 
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- Telephone: CLayburn 8-4921 
A non-profit sanatorium for the treatment of 
Tgap: woh Tuberculosis and other diseases of the chest. | 
: Visising Medical Steff: 
Hereld Gayon Trimble, M.D.. Oakland 0, 
Cabot Brown, M.D. San Francisco N. Pierce, M.D... Franciseo 
Buford H. Wardrip, M.D. Corwin Hinshaw, M.D., San Franciece | 
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for effective cough therapy 


Three forms available: Oral Tablets (S mg. per tablet), . 


Syrup (S mg. per teaspoonful), Powder (for compounding). 
May be habit forming; narcotic blank required. 
Average adult dose 5 mg. Literature on request. 


Endo’ 


Endo Products Inc., Richmond Hill 18, N.Y. 


